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FN. the. Study (as well as in che FILM 
of any Art or Science, I", Gradual Pro- 
ceeding therein, ought Fi irſt, and Princi- 
pall y to be conſidered: Fe or, Ic i is one thing 

o Teach ; and another How to Teach : And, ac-+. 
ording to the A N AY Ane, * bene © 
Vote... 

Now, the Deſig n Wi; this Bock, being 74 1 85 
Dincing and 22 dting of ſuch as Fm.” apply-- 
— 2 to the Study of any 1 Sei- 
ence, fo as to become ſuch a Proficient therein, a8 
to give a Demonſtnable Account, of what he does; "PE 
muſt not attempt, at the firſt Onſet, to fall di- 
rectly upon that Part he principally ; aims at, but 
firſt acquaint himſelf well with ſuch Elements. as 
concern, and are ſublervicnt to, them . e 
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Pp REF FEI . 
- And to that end, The ſeveral Parts and SHA: 
are diſpoſed in ſuch Order ; 
That, Beginning with the Firſt Part which is 
asa KEY to gie iu entranct into the GA TE; 
which; 3 — the Second Part; 8 ha- 
V ealy paſled, may co y pro- 
bo to fall VE the e Stay (or Pradice) of any 
Mathematical Science; And not only on thoſe 
that I haye he! HAN AID; in 
the Third Part) 5820 LAND to any 0- 
ther you ſhall attempt: "FRIGON OM E- 
TRIA. being the Baſis, Foundation, nay, me” 
Ne Vile, of all t ret... 1 
Rſs th Whereef, Rave applyed the 
'\DoJrine of Triangles to: Prifiice. (in "the; ſeveral 
e of the Third Pirt) in the Solation«of 
*fa6h Problems; -: are-bf lte guet ue rin ſeveral 
Pagte of the Nai efyaricks, 85 $6 in the Fürſt, 
Wich excheth- how: - to tale all manner of 
Her bts and Hſſtancer, accellible Or De 
| 2 In the Ny Which treafeth of N 
n 208 . Fein Seu. Chart, -and hat called Mer. 
cutors; mn Boch which, A hah Hrſt ſhewedbow 
Veometricallj, by State ad. Compa er, to lay 
don (upon Paper) a Figure anſwerable to the 
 Oneſtion. Pro LS: In which Figure, ſ laid 
down, you n have conſtituted a 'Right-Lined 
15 Triangle or TROY of {ome kind c or other, i. e. 
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eicher Right led:,, And 1 6 a 
covered what n Gwen, by the de- 
mand in the; Queſtian; and then the Part or 
Parts Unknown will 2 foul (as, "64s found) 
will anſwet the Queſtion herein 
the Excellency of de e of Thea Bibel 
is in part made maniſeſt. 
Likewiſe, In che 15. 24, 34 4th. and 5h ; 
Seftions, which 1 of FW a 
- ein of Geography, . Aſtronomy and W 
| firſt dis. and Oy how the N 
5 the e | 


dei 


Jute. 95 
555 ooh 0 "ai the ; 


Is 12 75 at Wt, 
. 5 E. os a) ppc ant to it) 
apparently, diſcover 4a 50K g or Tri- 
angles Ooniſtitu z. in which To a cording to the 
Tae of 1 the, Queſt ); you 2 F Ferceive 
What Parte NA are Cige and then, the 
other Parts: being f found, => 5 Ange er 


the Queſtiun Pro pounded : And herein, in ſowe 


wenlure, is the Darin of Spherical Hiargle⸗ 
made applicable to all the above named Practices. 
3 Ireover ,@ by e of the . 
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PREFACE. 
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5 Beta the Second. "And for 1 frononticalP roblens,” 


as is ſhewed in PART II. Section II. Of Pro- | 


jetio of. the Sphere in Pland G 


Allo in che VII. Seen, WBich "tears: of 
of the PH . 
nets Oc. there the Doflntof TrranelegbothiPlain - 


the een Tis finding the Flac 


done for \ the Gengraphitil Probleacs iy Pare 


nd 1 are joynthy Se 80 that, . 


Pl ; Mat hematical. Practice or Study be, 2 
KEE er 


petive, Firtification, Gunneny, 6tgatty . 


other. 1 Art: The moſt Problems-re- 
lating to any, of. them, muſt be beholding to 


In Waernhg for their Splutions. i og! 


And now I have but one thing more to adver- 


tiſe the Reader of: That, Whereas in the per- 


formances of all the Operations i in the ſeveral Parts . 
of this Book, the. Firſt (which treats of Practical 
Geometry, only ) excepted, , there is continual 25 
_ Uſe to be made of. a CAN, Th 1GONOMETR 1- 
CAL; or TaBLts of Artificial SNES TAN 
ENTS and Loc Akiruus; So that the Reader 


cannot expect but that ſuch TAS ſhould have 


been Added unto theſe, Precep;s! And, indeed; it 
was ſo intended, but that almoſt in ever Book . 
that hath any thing of the Menſuration of Trian- . . 
- gles 1 in it, there are ſuch Fables Printed; and that 
one Or. "ther öf cheth may be in every Man . 
Hinds; and becauſe all the Prob ems in this Book 
may 
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PREFACE. | 
may be ſolved by (almoſl) afly of thoſe Canons 


or Tables, Was the occaſion of the omiſſion of 
ſuch Tables here at preſent. , But chiefly, be- 
cauſe there is n (in ne Hort time) to 
be Printed, * "A Canon of Artificial SiNESand 
TenGEVT , Both Seragen nary ry and Tenteci- 
mal; differing from any yet Extant; if ſupply- 
ing both ways of Numeratien;at one view, and 
yet in the ſame Room: Aud to this C ax 0% ſhall 
be Added Ten IIIA 5s of Lo G RITHMS com- 
modiouſiy Cofitracted. ; and-the 1 Uſe thereof 3 in 
Logarichmieal Arithmétick. | 
Thus having given the, Reader a General Ac- 
connt in th is Preface, Liefern te te a more Par- 
ticula in the Following ente, de and ſo leave 
him to the Practice of them : In which F;viſh him 
good ſugceſz ; and till. he heats farther from 


me, bid Him Farewell. — on 
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Practical Geometry. 


T HIS Firſt Fart confiſts only of ſuch DEFINITIONS, 
\ 


PROBLEMS and THEOREMS, GEOMETRICAL, _ 

which of Neceffity ought to be underſtood and pra- 

iced, before farther Progreſs be made in any other 
Mathematical Science: And fo I will * with theſe following 


Geometrical Definitions. 


I. A Point it that which hath no Part. t 


That is, it hath no Parts into which it may be divided; It being | 
the leaft thing that by Mind and Underſtanding ca 
imagined or conceived; than which there can be — 
leſs: As the Point in the Margin, noted with the Letter 4 
over it: It being neither Quant; 55 not any Fart of ran. rn 
7:ty; but only the Term or End of Quantity. 1 406 | 


| as Clavis Mathematice. © 
U. 4 Line is Leng without Neeb: as the Line A B. 


Unto Alanin there ap main Three Dimenſions ; z viz. th, 
. Breadth and wifey (or Thickneſs ;) of which, a Ling is the Rt, 


255 hath Length only, — Breadth or Thictneſs; as the Line 
| 3 F 


l may be divided into Parts; either Equally, *. Point E; 
or Unegua/ly, in the Point F. | 


II. The Ends, or Limits, of « Lin, are Points G „ 


Tor a Line hath its from a Point, and likewiſe 
endeth in a Point: 80 the Points G and H are the Engs of the 
| Line G H, and are no Part: of it. | 


AV. = Right Line is that which lyerb Equally 3 ts Points. 


it is the Shorteft Diftance that can be drawn between Point 
my make fo the Right Line G H, is the * Diſtance be- 
_— the Points G and H. © 


v. Parallel (er Equidiftont) Ri i uch, hich 1 
dratun upon 2 22 gt infinitely 2 twould i 


ver moet. | | * 
6 . ſuch are wy Two A— — 


VI. 4 Plain Angle is the EE FRA (or 8 ) of Two Right 
Lines, ane 48 tbe other, and the one ate other; and 
not being direltly joined together. 


Fig. I. So the Two Lines AB and BC inclige one to the other, and 
| touch each other in the Point B; in which Point (by reaſon of 
the Inclination of the ſaid Two Lines) is made the Angle ABC; 
But if the Two Lines which incline one to the other, do (when | 
they meet) make one Streight Line, then do they make no Angle 
- - at all: As the Lines D E and EF incline one io the other, and 
-meet * other 11 . 


1 dea 
J here Not of which, the eee 


is mend wh Thrve 


ers, of BE 
| " Angular ag in this due A „ the 
notes the Angular ont. 1 Angles thete * 


Kinds; viz. Right, Acuie ind 


VII. When 4 Right Line 3 1 72 

Angles on eirher Side 7 ual; then exther of thoſe Augles 
1 4 4 „Rien Angle; and ck Right Line which fanderh creded is 
called a Perpendicular Line 10 thut Line pon which it flandeth, 


Right Line A B, in ſuch fort, that it maketh the Angles ABC 
and A B D (on either fide of the Line A B) equal; then ate ei- 
ther of thoſe Angles, A B C and A B D, Right er; and the 
Line AB, which ſtandeth eretted upon "the Line D, (without 


inclining on either fide) is a Perpendicular to the Line C D. 


vin. An Obtuſe Angle 5 ir chat which is Greater than « | 
Right Angle : 


80 the Auge CBE is an Obiuſe 4 it being greater than 
the Right 14 £86 BC; by the Quantity of the Angle A B E. 


. An Acdte Angle is iber which is Lels vbun a Right Angle: 


So the Angle EB D is an Acute Angle, 8 
Right Anm A B D, bysthe Quantity of the Angle A 


X. A Limit or Term ir ibe End of any thing. 


Foraſinuch as there is no Quantity (or Magnitude) of which 
Geometry treateth, but it hath Bounds or Limits > And as Points 
ate the Bounds or Limits of Lies, ſo Lines are the Bounds or Li. 
mite of Plains or Super ficies , and Plains (or Super ficies ) of So 
lids (or Bodies.) 


XI. A Figure 5s that which ir | contain under One Term, 
or Limit; or Many. - 


Figure under Three Lines or Limits: C under Four D under 
ve, Oc. which are their * Bounds or Limits. Ki i 
2 2 . . 


So upon the Right Line C D, ſuppoſe there do fiand another Re. II. 


So A iͤ a Figure contained under one Line or Limit : B is a Eg. III. 


Fg. W. 


- K. F 0 
» _ 1 7 
*z% * * * — 
v4 1 
7 a \ 
L * Fs o = 
- 


XII. 4 Circle is 2 Plain Figure contained under One Line, which 
S called a Circumference or Periferie; unto which all Right 
Lines drawn from ane certain Point within the Figure unto the 
Circumference, are equal one to the other. 


So the Figure BC D contained under One crooked Line, is a 
Circle,” whoſe Circumference or Periferie is BCD. in the mid- 
dle whereof there is a Point A, from which all the Right Lines, 
AB, AC, AD, being drawn to the Circumference B CD, are 
Equal. And that Point A is called the Centre of the Circle 


„ 


XIII. The Diameter of 4 Circle is any Right Line drawn through 
the Centre, and ending at the Circumterence on either Side, 
dividing the Circle into Two Equal Parts. . 9 


So the Line EK F is a Diameter, becauſe it paſſeth from the 
Point E of the Circumference on the one Side, to the Point F on 


- the other Side; and paſſeth alſo by the Point K, which is the 


Centre of the Circle > And moreover, it divideth the Gele into 
Two equal Parts, viz. into the Part EG F above, and EH F 
below, the Diameter; which Two Parts are termed Semicircles. 


XIV. A Section, Segment or Portion, of 4 Circle, ic 2 Figure 
contained under one Right Line, and a Part of the Circumfe- 
. rence; Greater or Leſſer than 2 Setnicircle. Sts 


So the Right Line L. NI divideth the rel EG F M HL in- 
to Two unequal Sections; namely, into the Sectian L G M above, 
Greater, and the Seclion L H M below, Leſſer, than a Semicircle. 


KY, The Semidiameter of a Circle, 1s half of the Diameter K. 
Z =; ci aca tarde. cio hob 
So K E or K F are Semidiamerers of the Circle EG FH: And 
ſo is any Right Line drawn from K the Center to the Cirewmfe-- 


* 


rence; Which Lines are frequently called the Radius of the Circle. 


y : _—— ® . 7 « 
14 n? 7 
1 : #tS 4 4 » 4 * „ * 4 g — # 
| z , m. * 
* 
rn t 
— 4 8 1 48 Rn 
* - 7 ” dw S £ 


4 
* 99 
* © - 


XVI. Right Lined Figures, are ſuch Figures'as are cuntafneſ un- 


and thoſe are called Trilaterals, or Triangles. | 


And Triangles are denominated partly from the Differences 
of their Srdes, and partly from the Differences of their Angler: 
As for the Dyfferences'ot their Sides, they may be, (1.) All Equad, 
and ſuch a Triangle is called an Equilateral Tri 
Figure N. Or, (2.) Two Sides may be Equal, and the third un- 
equal; and ſuch a Triangle is called an Voſceles Triangle, as the 
the Figure O. Or, (3.) All the Three Sides may be unequal, and 
ſuch a Triangle is called a Schalenum 171angle, as the Figure P. 
And theſe are the Diſtinctions in relation to their Sides. | 

Now for the Diſtinction of Tr:ang/es in relation to their Angles, 
they are Three alſo : For, (1.) It a 17:angle have One Right Angle, 
it will have Two Acute ones, as the Figure Q, where the Angle 
at A is a Right Angle, and the Angles at B and Care Acute, and 
ſuch a Triangle is called Orthogontum. Or, (2:) If the Triangle 
have all the Arg/es Acute, as the Figure R; all whoſe Angles at 
D E and F are Acute; ſuch a Triangle is called an Oxagonium 
Triangle. Or, (3.) If the Triangle have One Obruſe Angle, as the 
Figure 8, whoſe Angle at I is Obtuſe, and the other Two at G and 
H are Acute; ſuch a Triangle is called Ambligoniam. And theſe 
are the Denominations in relation to their Angles. 


XVII. Of Four: ſided Figures (or Quadrilaterals) 4 Quadrat, or 
Square, ic that whoſe Sides are Equal, and Angles Right. 


And as Triangles have their various Denominations from the 
Species of their Sides and Angles, ſo have Quadrilateral Figures 


der Right Lines; of which none can conſiſt of leſs thun Three, | 


alſo. For, (1.) If all the Szdes be Equal, and all the Angles Eg. VIE. 


Right Angles, as the Figure O, ſuch a Figure is called a Qua- 
drat or Square. But, (2.) If of the Four Sides, Two be longer than 
the other, each. to. its Copel ndent (or Oppoſite) and the A- 
gles all Right Angles, as the Figure P; ſuch a Figure is called a 
Parallelogram, or Long Square, (and ſometimes) a Recfangle. Bur, 
(3.) If all the Szdes be Equal, but the Ang/es Unequal, that 
is, Two Acute, and Iwo Obtuſe, each to his Correſpondent (as the 
Figure R) ſuch Figure is called a Rhombis or Dramond Form. 


And farther, (4.) It ſuch a Eigure have Two Sides Longer, and 


Titoo Sides Shorter; and alſo Two Angles Acute, and Two Obtuſey. - 


each 
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angle, as the Eig. VE 


YT — ” 


Mathemaric#. 


ds 
each to it oppoſite correſ] as the Figure Q; ſuch a F- 
gure is called a Rhomboyades, or Pike Figure. Put, 


(5.) If Pradrilateral Figs 


s have all their Sides, and all their 


Angles, Unequal, as the Figures S and T; ſuch Figures are called 


. "Trapezia, or Table Forms. 


— 


PROBLEMS 


nents: 


Ep 


PROBLEM L Fi UU. 
Ln into Tin Equal Parts A B ond " 
BE, and at Right Angles. 
Practice. FD Ir/t, your Co e 
TINT FT the 1 ine A B. 


2. With that Diſtance ſet one Foot in A, and with the other 
deſcribe the obſcure Arch ô c, —and- (with the ſame Diſtance) 

One Foot ſet in B, with the other deſcribe the obſcure Arch G % ö 
2 the former Arch in the Points C and D. 
ER hrough the J C and 7 draw a Right Line C D, 


will divide de i Ph. AB — 9 in 
the Point E, and at Righ ona 
Side thereof, deins equal auler B on thx ie: 


ight Line Q R, 


PR ( 


Upon any Point (as OY 1dhes 5 in 
* to erett a Perpendicular O 


Praflice. F 0s Open the Compaſſes to any ſmall Diftancez © 
ſetting one Foot in the given Point O, with the 
ar dy ny on ayers, — ST tn m fo RH IN 
2. Open the Compaſſes to any nce, greater than the for- 
mer; and ſetting one Foot in T, with the other deſcribe the Arch 
5 b. Ae, with the ſame Diſtance, ſet ons Foot in V, and 
with the other deſcribe the Arch g g, crolfing the former Arch 
h þ in the Point S. | 3. Draw 


* - Clavis Mathematice. | 
3.-Draw the Ly 8 8, and it will be Perpendicular to the | 
Sen Lins A 115444 


9410 4 


| | 8 PR 0g B. III * | 
3 SA XZ, RET WOTTTS , 


Do. Price, Irft, The Compaſſes bein opened to any ſmall Di- 
Big. X. ſtance, et ons Foot in 2 and with 2 other de- 
1 ſlerlbe the Arch B CD, and upon it ſet the ſame Diſtance from B 
— to C, and from C to D. 
| | 2. The Compaſſes ſtill continuing at the ſame Diſtance, ſet 
one Foot in C, and with the other deſcribe the Arch FD: Alſd 
iet one Foot in D, and. wich the other deſcribe the Arch C E, cut- 
125 ting the Arch D F in A. | 

3. From Z draw the Line Z 2 which will be Perpendicular 

to the Line X 2. | 


: | PROB. IV. TH 
© Hnarher Way zo ered a Perpendicular upon the End of Line. 


Hg. XI. Praffice Fe Wit With ay ſmall Diſtance of the Compaſſes ſet 
: one F Hl. and with the other deſcribe the Arch 

I K, and ſet that fine Difiance from I to K. | 
2. Upon K (with the ſame e deſcribe the Arch if | 


3. Upon this Arch ſet the ſame Diſtance from'I to L., from 
L to M, and from M to N. 
4. A Line drawn from H, through N, ſhall be J ONE to 


the kek 
4 Third Way, 


Fig. XII. 1. H E Compaſſes opened to any ſinall Diſtance, ſet one 
1 Foot in O, and pitch the other Foot down at Pleaſure, as 
= at Q; and one Foot reſting upon Q, turn the other Foot about, 


- | * 


= bs. | | 
| 2. La a Ruler from S0 and it will eve che Arch bainR; 
3. A Line drawn from O, though R, ſhall 120 e e 


70 * 4 UP! 5 2 | 
PROB., - 


zl it croſs the Line P O in S, and alſo deſcribe che ſmall Arch 


TY TI 1 ws 
9 Problems. : 
P R © B. V. 


os Boles wer, Þ to der Peri ll w Fi XIII 
Sor » given a given Naht Line el it, / up : 


N the Performance there- are Two Varieties: For, ( The 
given Point may be ſcituate over (or about) the Maa e; 
over (or pes the End of the given Line | 


In the Firſt Coſe. e 


Practice. Er N 0 be the Right Line ** and let P be 
the Point above, from whence the Perpendicular 
is to be let fall. 

1. Open the Compaſſes to a Diſtance greater than is the near- 
eſt Diſtance between the Point above P, and the Line upon which 
the Perpendicular is to fall ; and with that Diſtance, ſetting one 
Foot in P, with the other deſcribe the- Arch of a Circle, which 
will cut the given Line in Two Points, R and S. 

2. Divide the Space between R and S (by the firſt Probl. ) into 
Two equal Parts in the Point Q, then will a Right lin, drawn 
from F to Q, be Perpendicular to the — Line NO Fig XI. 

Note, To avoid the dividing of the Space between R and S in- 

to Two equal Parts, to find the Point Q, (if you haveroom 

either above or below the given Line) you may ſet one Foot 

of the Compaſſes in 8, and opening the other to any o- 
venient Diſtance, deſcribe an Arch y y; and removing the 

Compaſſes to R, deſcribe the Arch 2 2, croſſing the former 

in A; and ſo, a Line drawn from A, d the given Point, P 

ſhall be Perpendicular to the given Line N O. 4 


In the Second Ceſt. 


| | let V be the Point given, | Eig. XIV. 
Praftice: "ſt, From any Fart of the given Line NO, as from | 
T, draw a Right Line to the Swen F Point V, which 
divide imo Tuo equalFParts in &. 
2. Set one Foot of the Compaſſes in X; and with the Diſtance 
X T, deſtribe the 8emicitcle VO T, cutting the given Line in O, 
fo ſhall O be the Point in the Line N O; from which, if you dra 
A2 Line to V, it will be N to N O. 


PROBL. 


+ ad has 


> cee een 
8 PROB WM 


© Une 2 given Right Line PQ, to draw another Right Line 8 T., 
8 2 e bo Parallel to 77; and at the Diftance ef the 22 


ven Line x. h 3 | | 
Fig. XA Praflice. Fifi 27 4 Foe OR the Length of the given 


2. Set one Foot in O, '( neat to one end of the give Line P Q,) 

_ - ©. and with the other deſcribe the Arch « 2: Alſo, upon the Point 

TY L, ( near the other end of the given Line) deſcribe the Arch 
b b; then © "We 3 | 2 

3. By the Convexity (or _ thoſe Two Arches, if you 

draw a Right Line 8 T, it will be Parallel to the given Line 

PQ, and at the Diſtance of the Line M. 9 86 55 


n YN 


To a given Line V-W, to. draw another Right Line V A, which - 
all paſs through a given Point R, and Parallel ro v. 


Ep. XVI. Pracłice. Nui, Set one Foot of the Compaſſes in the given Point 
| .* vo F ty and with the other deſcribe the * ſo that 
it may only touch the given Line VW; and with the ſame Di- 

_ © Rance, ſet one Foot in any Point of the Line V W, as at X, and 
with the other deſcribe the Arch 4 d.. | 023” 

2. A Line drawn through the given Point R, by the Convexi- 

A : ty of the Arch d d, as the Line Y R A, that Line hall be a Pa- 

3 | rallel to the Line V W. *. : 


= - rie 
| | A ſecond Way to draw a Line Parallel 20 4 given Line A B, which 
| Hall paſs through a given Point P. 


. Praffice. Dr, With the Diſtance P A, upon the Point B, de- 
3 XV | 0 | ſcribe the Arch e e. creep 268 


FR 


2. With the-Diſtance AB, 55 P, deſcribe the Arch F V, croſ- 

ſing the Arch ee in the Point 1 | | | 
3. A Right Line drawn from the given Point P, tags C, 

ſhall be Parallel to the given Line AB _'PROB., 


-— > 


cee Problems. 


'PROB. N. I 7. 

To me an Angle DFE, equa 0 agiver Angle A = 
altice. IR, U the Point B, at any Diſtance, de- Fie 
Pr F ane pon Fr B, at any N re. 


be an Arch g g. 
| drawn another Line, a5 F B, upon the end F (with 
the farne Diltance) deſcribe the 2 b b. 
3. Take the Diſtance g g i in yout Compaſſes, and ſet it from 


Win 


b to b: Then, 


4. A Line drawn from F through h, as F h D, ſhall make the 0 
Angie DE 8 „ 


PR OB. X. | 
To divide an Angle G H K into Te Equal Parts. 


prallte Irft Upon the Angular Point H (with any Diſtance Hg. XIX. 
F 5? che Compaſſes ) deſcribe an Arch cutting the 
Tu Sides, containing the Angle, in the Points h and s. Ry. 
The Com ſſes opened to the ſame” (or any other) Diſtance, 
ſet 5 in in and with the ether deſcribe the Arch & &; ang 
(with the ame Diſtance nag goed Foot ſet in s, deſcribe the Arch i. 50 | 
croſſing & & in the Point 
3. Join HL, and fo is the Angle GH K divided into Two 
125 Parts, by the Line HL. | | "Y 


'PROB. XI. id 


How to donde a Right Line M N, into Nunber 
| hs, al Parts: Sappeſe Five. 1 * 


Tralice "-f, From one end of the en Li 28 N un the g, XX 
Fi ine N O at Pleaſure, — Ling gle ONM. Fig. XX 
2. Upon the Point M (by Prob. IX.) make the Angle N M P 
equal to the Angle ON M; or (by Prob. VIII.) through the 
Point M, draw the Line MP Parallel, to the Line O 
3. With any ſmall Diſtance of the Compaſſes, one Foot be- 
ing ſet in N, run over Four of thoſe Diſtances upon the Line N M n 
at the Points 5 23 35 FI upon the Line MP: PR, its 
4+ 


24 4.0% 


He. 


e "Mathematics. 


ou Aua the obſcure Lines 1 4, 2:3, 3 32, and 4 r, 


| they ha croſs the given Line MN in the Points d, 4 b, a, di- | 


viding; it into Five k ual Parts, as was A; 


; PROB. XII. e 
I note be 2 15 2 B 18e 1 bs Jhal 


Pratlice. K I Ake the Side B C ul to the gen Line , 20 


with the fame Difla ce of the Compaſies, ſet- 
ting one Foot in B, with the other deſcribe the Arch m; "and 
ſer alſ» on C. deſcribe rhe Arch 7 /, croding ihe former! Arches 
in A: Then join A B and A C, ſo have you conſtituted a Tri- 


angle A B C, whoſe Three Sides are ſeverally e to the given 


Line O. 


F R O B. XIII. 


T Treg G HK, whoſe Three Sides hall Equa 1 | 


Three given Right Lines D, E, F. 


Price, po, Make the Line G H. equal 0 the given Lin 


2. Take the given Line E E Þ. 'D — rr 3 


10 


vour 9 and ſetting ons 1 —— 


n 


2. Take the Line F in your MPT and 4 Kain one Foot 
in G, with the other deſtjibe an Arch o o, croſſing the former 


Arch in the Point K. 
4. Join & K and H K; ſo ſhall you ha nftitated a Trier 


gle; whoſe Three Sides GH, H and G! are equal to the 
| Three given N D E and F. 
| = | | 5 R O * N 177 SN L 4 2 
To aalen Gromerical Square B O DE, 857 e be 
'- equal to the given Line A. 


th Proc N Make the Line BC for one Side of the 


* 
* Lins A. and on one ad thereof, 7 
as 


| Fig. XV. 


— 


— 


hs 


Plate IL. From Page 2 


to Page 11 . . 


ä 8 9 (rg ; 13 
as on C (by Prob. IV.) erect the Perpendicular C D, equal alſo ta 5 1 


the Line A. 
2. With the ſame Diſtance of A, ſet one Foot in B, and with 
the other deſezibe the. Arch a and on D, and deſcribe the 
Auch k b, croling @ 2 in the Point E, 
3. Join BEandD E, which will copltitute the Geametrical 
Spire BCDE. - 


PROB . . 3 


75 Pp Parllclogram Bee Ton ng Square). G it * MN * 
Lene apd Bread i halt be en. Wo given Da x pad F. 


Practice. Flr Make the Line G H equal to the given Line 
| Fu 05 and on che end Ii, (by Prot. IV.) ere he 2 Av. 
dicular H I, equal to the; given Line E. 

2. With the Diſtance of the Line F. ſet one Foot i in G, and 

with the other deſcribe the Arch cc; and with the Diſtance of 

the Line F, with one Foot in I, deſcribe the Arch dd, croſſing 

cc in K. 

f Jon. K and GK, .and ſo haye you De 43 
® on whole Lear ar equal ie U en Lines l 9 


| PROB, XVI. 95 4 
Þ ee, MNOP, k- Se ha be ped 1 


ĩo à given Line L. 


3 


kalte 1 MN, (her os Side of the ran 1 ; 
Ps, FP" a, 9980 given Line L, and with that Len 85 * . = 
8 of he Compal in N, and with the other, deſcribe the 79 
C 1 _- _—_ 
a+ 1575 the fame Diſlavee pen this deb, from M 10.0, and 


om 
ö 9 A wh 0, OP; and PN, © thai you have conſtituted a 
WU, whoſe Four Sides are al e to * given. LineL. 


190 4 51 " 


: 4 £ . © . 
o &f 4 94 1 od k 2 0 . 1 W - © - 
& ' 


PROB. 


7 


WE Methenatice, © \* 


'PROB. XVII. 


"To make 4 Rbomboyades CD EF, whoſe Sides halt be 'equa? t 
Two given Lines A and Djs end the ain theres C pat 


E. equal to a given Angle Z 


'F 1 : Praflice Fg. Make the Side of the — c D equal 
1 On the 04 C. (by Prob, IX) make an Angle F C D, equal 
5 2. the en 10 an E 
to the 5 — Angle 20 Ard the Side C F equal to the given LineA. 
the Point F, (with the Length of the f tony LineB) 

re an Arch þ 5, and upon D with the Di * 
Kere the Arch g ng b b in the Point E. "$24 
e F'E and D . l 8 have pon coaſtititied a Rhwwfo- 

| glee whoſe Sides are equal to the Lines * B, and Us Acave 
| 5 0d vw bs tad oc; aca % 


FRO B. XVIII. 


To make a Trapezia HI KL, (or Figure of Four ROY Sides) 
"which ſhall have one 2 at I, equal 10 4 given Angle G; 
and the Four Sides e EE * x poſpble) __ Lines given, 
Viz. to the Lines O, 


Hg. Pradiice. Fu, — the Line H1 thor one of the Sides 5 th 
XXVII. pegia) equal to one of the given Lin 

"og 2. Upon the Point 1 (by Prob. IX) make an Ang/e H Fi K 8 
i hd ok Angle G, making the Side K 1 equal to! the given 


1 Take another of the given Lines in your Compaſſes (as the 
3 and ſetting one Foot upon H, with the other deſcribe the 

; alſo take the fourth given Line F, and ſetting one Foot 

of t the Compaſſes i in K, with te other 4 elende the, Arch. * n, 
k k in the Point B. - | 
4. Join HL and K L; i ſhall you have conſtituted A Trape- 
Zia, Whoſe Four Sides are equal to the Four given Lines O, D, E, 

F; and one of " Angler, viz, I, * to the given Angle . 


1101 


Geometrical Problems, 


PROB Xx. 


To \ divide a Cirde AFCG, into any Number of Equal Patt 
not exceeding, Ten. 


. 
- 


Ce 


Practice. Nlrſt, Tyr Lag lc 5 croſs i . cher vr Kigin BY 
1725 ct ea er at III. 
Angles (b y Prob. I.) in the Centre E. 
2. MIA Band A D, equal to E F, and join BD; fois BD 
the, Third Part of the Girele. | 
3. Join A and F; fo will AF be the Fourth Parat a 
4. Upon H, and Diſtance H F, deſcribe the Arch 8 1, and j join. 
FI; which FI is the Efth Parr. 
EEE 3 A, E C, either of them, are the Sixth Part. 
＋ H P or H B are the Seventh Parr. 
7. DrawaLine from the Centre E 2 8005 the Point M, ex- 
"he it to K; join K A, which be the Eight Part. 
ividoute Arch D A B into Dives | Equal Parts at S, and: 
join S D, which will be the Ninth Part. 
9. ET is the Tenth Part. 


PROB. XX. 


To any Three Points given, A, B, C, ( hich are not in one Right 
Line,) to find a Centre O, «pon ny 4 Circle may be deſcribed, 
which Shall paſs through all the groen Points A, B, C. | 


Praftice. F 658 one Foot of Cotnpaſſes in one of the given Eg. 

oints, as in A, and extend the other Foot to ano- Wix. 
ther of the given Points, as t B, and on A, with the Diſtance 
AB, deſcribe an Arch of a Citele G FD. 

2. The Compaſſes open ſtill to the ſame Diſtance, 25 cole 
Foot in B, and with the other Foot croſs the former Arch in the: 
Points D and E, and through them draw the Right Line D E. 

3. Set one Foot of the Compaſſes in the third given Point c, 
(being ſtill open to the former Diſtance) and with the other Foot 
croſs the Arch firſt drawn in the Points F and G, through which 
Points draw the Right Line F G, which will cut the Line DE in. 
the 12 O, which is a Centre; on which, 


D ys) aff n 


— 


9 

. 

iy 

' 

| \ 

41 a 

_ - 
A 


* em 9 1 r % : W a a 1 % | 
4 ; | c ” * | C > 2 5 My 1 1 © 
18 tir, Marbemfirw. 
4 p PM * 


4. If you ſet one Foot of the Compaſſes, es, and extend the othet 
to any of the Three WING the Circle ſo deſcribed ſhall paſs 


» through all of a... FA at yas 1 
5 PR 0 1 _at” 


* £00 » Poicts N Y, 2 the Circle ABD Ken bow 7% | 
ud the Centre of the Arch of 2 Great Circle A * * a 
ul poſe. e thoſe. Two given Points X and I. i 


Fig. Definition. A . Great Cirele of the Sphere, i is ſuch a Grden 16 di- 
Bog videth the < te or Globe into Two Equal Parts; 
and & the Arch of a Great Circle deſcribed upon a Plain, is ſuch 

an Arch as divideth the Periſerie or Circumference of the Fundu- 
mental or Primitive mY Fin: which it is is eter, into 8 | 


Equal Parti? opt d 


Praffice, F ET G BH D be 2 Promaive Gree Siren, bal 
Centre is C, and let the Two Points within the 
ſame (through which the Arc of the Great C rele is to paſs) | 
be X and Y. 
Firſt, Through one of the:given Pointe, as X, and the Centre 
G4 _ a Ri 5 — Line X CE, EIS — towards F 
pon this Line, from th e C erect the Perpen- 
an 8. and from B, thr X, draw BAG, and from G, 
through C, draw the Diametre CH. 
I „Through the Points B and II, "ality a Right Line, ex. 
22 till it cut the Line X CF in R. ſe have found a 
oint; vis. R, through which the Arch of the rear C Cir- 
"YA muſt pas: And now, having Three Points, X 
you may through them (by the laſt Problem) draw the Arch. | 
AX II. R, whoſe Centre will be at K; and this Arch doth di- 
vide the Primitive Cirole into Two equal Parts in the Points A 
and L: And that ir doth ſo is evident; for that the e Lins: 
he e by ene through the een | 


47 4 Compendium. 


Ic will often fall out that the,third Point R will fall Ter. 
mote from che Centre C of the Primitive Circle, it and 
ing in — + the Work may be performed withour or 


— 


_ K , 4 2 4 S * ; = DEPP 4 a 1 
A . ow SY 8 ho x * 1 - * 
y = 


"© + Geometrical Problems, 17 
A Having found the Points E and G, as before, take theDiſtance 
E B, and ſet it E 
a Perpendicular to as FO, extending it (if iind. 
ly towards M ; for in ſome Point of that Line will the Centre 
be. And to find that Point. 55 F 

Divide the Line 7 between the Two given Points, K 
and V, into Two Equal Parts at Right Angles, and that Line ex- 
tended will cut the Line O M in the Centre, FLY a 


bs 


before. 5 1 . e W. < * 9 S. * ry 
- N = 6 1 \ p : 1 — = 
> 4 F = * * r . * * F R OB. X XII. " LEY . ah 


+, About a Triangle DEF, to deſcribe a Circle. 


Practice. Firſt, (by Prob. I.) Divide any Two of the Sides of Fig. 
Ye the Triangle, as DE and D F, each into Two equal XXI 
Parts, at Right Angles in the Points G and H; through which -Þ 
Points the Lines æ & and 1 n being drawn at Right Angles, will 
8 each other in the Point &, which will be the Centre of the 
FRO B. XXIII. n 


Within a Triangle G H K, 70 Inſeribe a Circle. _ 


Praftice: N lvide any Two of the Angler of the given Trian- Eig. 
= D gle, ike Angles at G and H lat Two equal An. 
Parts, (by Prob. X.) by the Lines H O and G, croffing each 
other in the Point O, for that Point ſhall be the Centre upon 
which the Graeff Crecle that the Triangle is capable to receive 
muſt be deſcri 0 ö 2 \ f , 


» 


3 Gate Aena. 


; OTIS 02 2 N 
en 


1 Ito 40 fall upon Tuo Pacalhd Right Lines, it 
. LI = 55 tl ere Wölke e 1 — : 
| "4 ; the Two Fade Right 


+ O ihe: Right Live P G falling 
13 4 


Lines L M and N O, dorh 18 the Alternate Ang 2 
the Angle FR M. MN, equal to the Angle NSQ; « and P 12 
Eleni. L. 1. 


ae o, N 

1 u. I divers Right Lines hs tur by Ar iber Right Lines, which 
14 are Parallel dre to the other, the Segments are Proportional. 

YA . Let the Two Lins RS r be cut by the wo Parallel 
1 v. * V. bt 1 Gy then, the, imer Segment Ren and K B; 
a3 40 4 $ ws propetnl one to the other: For if R — 
1 de one N 2 9 l | 

= , cauſe the Nieht L M cuteth thisd- Part of the Space 

4 . | AV T- £,'apd therefore it ung a ms" pile Tom, HOOP 
Iine drawn within that Spa 


n : m. If Two Right Lines be multiplied into one * there is 
= nude of them a:Right Angled Parallelogramm. 


Fig. ee, ee eee If of the 
4 3 XXXV. aloe A and B Dr Parallelogram be made, it will be 
: 4 ſiuch a Fig ure 85 C CDE if A/ and Bg, de multiplied 
—_ rin by Cher! the ProduQt wil be 63; and ſo many little Para/- 
. are there contained in the __ em. 

. | - "ii 


7% 2 
* * . * 
1 0 * 0 ” * £1} © 
— - ” \ þ = - 1 = " 4 
, — i i i 2 - : : * , . ' 4 - N 
* . : - > * * 5 * , y , 
\ * = 
p . « # 4 7 8 = : 
* 91 - of - \ 
* 9 5 _ % = | » l 5 
8 1 » - — 


P . 
— — WG 


- 
WD 


4 , 
: 
: 
: 
: l G 
l / 
: . 
: = 1 
_ 
822 cn—_—_—— 4 =24Zpy* 5c Rn, 
- 


. ' * 
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"a > Geometrical Theorems. 
IV. J Y Two ReBanged F 3 One f the Sides of that 


ure, and 2 Tao Fo other Side of the fame ' 
| the rg theſe, Parllcograms ade nat * 10 _ 
10 1 . 


'$o if the | Pay. FU GLIM be made Ak 9, and oc 
3 . of the other Side; namely, 4, 4, that Porallelogram ſhall - 
, for 9 times 4 is 36 it another Parallelagram 
fall be be 3 of the — Side B, and the other Segment of 
the other Side A , namely, 3, they will produce the other Parat- 
lelogram LHME ar, or 3 times 9 8 27: And theſe Iwo 
"5" 6 36 and '27 added tog er, do ** 63 equal to 


V. If Four Rig ht Lines be ons \ thr 6, ar the fv 
| eb fecand, / is the thi ) te — 


Let there be Four Proportionals; as N Os, PS, G. I Fig 
fay, that the * 5 operates ST Yon de of the Two KXXVL 
Means, O 6, and F 8, ſhall | equal to the Reugpled Figure 


XYZ A, made of the Two EX:xcoms, N 4, and Qu12: 
-as 6 times 8 is 48, ſo.4 rimes.1-i5 48 lf. And from hence w 


follow. 
"CONSECTART T Kent ct 


i Ew 1 (or Numbers, be proportional if Three e 1% 
be given, the Fourth. a alſo given. 25 4 | 


The Reflangle Figure made of the Two Meats, being Aivided 
by one of the Extreams, the Quotient ſhall be the other Extream. 
Is the Reffangle Figure, made of the Ions Means s and 8, is 
48, this divided ed by's the Lefſer Extream, ſhall you-in „ 
Quotient 12, erer e T proportional 
Terms given had been by T 4 85 6, 12, Pale Ren. 5 
gle made o the Meant & and 4 a TORY , Which divided by 
12, the Greater Extream, wo "We in the Quotient 4, the 
Leſſer ere 


ö WV 
if 


” & _ 
s AD "_ " . 9 Þ = 
| , R. 11 1 4 - 
4 . 4 , - | , ® | A 1 5 — 
PY C - v4 . = 4 8 - - 4? 4 * * ** 

- * — n p . 8 1991 1 * 

- - 4 - _— 
- * La 
” . 


<= 28 cdi N 2 
| BF: «rar te eee rr 
| Hence alſo it Jatlonprh, that equal Reflangled Figures, hae their 

Sides reciprocally proportional: That i, 

He. As the Leſer Side of the Ferst Figure, is to the Leſſer Side of 


OT. the Second Egure ; ſo is the Greater Side of the Second, to the 
Greater Side" of the Firſt, & Contra. As in the Equi-refangular 


1 * RSTYV, n F, 
1 | ART: SATs e s 
8 8% . 
1 0. NY *r! RS: n 2 * 
| 4 | TOTS * 8 L e EY = 0 \ 


u. E Lines or Numbers be proportional; (that is, a the 
F ir to the Second, ſo ſhall the Second be to a Fourth) the 


uare made of the Thr ar oped one. Faes 
eee 7 
3 be 46 8, the Proportion 
* 2 

"A84: isto ; 80 1s 8 to 16. 


0 2 So the Square of the Two ein, Bi is 64 : So alſo the TO. 
made of the Two Extreams 4 in 16 is 64 alle. _ 


VII. Iz 4 Plain Tria a Live Fear Parallel Call cut- | 
teeth the Sides angle, een, 271 T Bat 


As in the Plain Triangle RT S (in ihe Scheme of the Second: 
ereof) if c d be Parallel to the Ba/e T 8, it cutteth off from 
"the Side R S one third Part, and it cutteth from the Side RT one 

= ' _—_ third Fart alſo: And ſo they {hall be proportional by the ſe- 
* cod hereof. For, 


i. 


_ As R T. wRS:: SoisRe;toRe A 
—__- As Re: to e T. 8 is R 00 8. Ale, 4 
=”. RS: to RJ:: 80 is T: % %S 
—_ un divers Plain Triangles be compared together, Equi- 
4 | Triangles bauer the Sides about (or contain: . . 
_ qual Angles proportional : And the comrary, Euct. Lib. 6. 2 + 


g 


| For Illuſtration, , 
Fig. (1) LecABCantAD E be Two Pi, and led 


n. Triangles : So that the Angles at. B and D, e 


£12 


N N 


10 
(2 EE = ICs DAE are equal, there. + 
fore if AB be pls AD, then A C ſhall of Neceſlity fal! 
in AE; and by ſuch Application ſhall ſuch Arle pe be made. 
In which Figure, becauſe that AB and AC do 
and alſo the Ang/es at Band D, and at C and E, are Equal, 


_ therefore the other Sider BCand DE ſhall be Parallel, (by the 


firſt bereof ). But in a Triangle à Right Line, Perallel to 
the Baſe, cutteth the Sid 11 1 N hereof ); 

ore in the Triangle ADE the Rig Ras Lins B C being Pa- 
ralle] to the Boſe D E, enen the Sie AD and A E proporti- - 
onally ; and therefore it follows, that | 


As AB is t 4 D;: 8b AC: 0 AE. 


| G:) Aga in, By the Point B Jacek Right Line B F be drawn 
＋ Ltothe Be AE, and ir ſhall cut the other Two. Sides 
DAand DE oe ore in the Poims n n * 
'bereof) and the Proportion will be 


ASAB:AD::FE:DE; or, 3p N 
AB: A5 BC: DE . 


| For F E gan B C ae Ea. ( the rnd br And 
fince it is that, 25 5 85 * 


A AB AD: AC: AB” 
AndfoBCwDE, they dan cede | 
7 WRC RE! BC: DES 1 25 
For thoſe Two Things, which are nd to a . are 
u n e eee fl 


W. 
” "> . . Fed . >. W 5 
* mt , / 1654 { 4 += bac 7: * * "of 4 A 


* = 


_ — 

T = 
i 

| 


"£1 


-” 2% (as, theſ RAC al CD eee 


Fi. 


IX. If ſeveral Plain a Ei (bow Fen ens be , 


Cn Mothematice. | 
AB: AD: 1B C DoE 


6 AB. AP. . A8 AB TED 


G)ASAC:AE:: BC: BE 
I eln the Second and ITY mores 
N (1. K A Be: B O:: AD! PE 
| 9 71 58.7475 85 


Ang thus.it is demorflrated,. that all Pig Eguigneled Triar: 


TRA 


 Prehending their 


ed, and be cut by Segments are 
Proportional. As thus F 
If the Two Tris les H Fl and PR be oor be 
cut with the Parallel Lines G TEL e 
Segments are proportional. For, ; E 
As GL: HI: : LM: K. Or, 
A GL: IM:: HI 
the ſecond and ſeventh hereof) ag 8 
I are Equiangled; (by the bere = L Ht. 
* Parallel: There 1 1 79 8 * 


EL: II:: GT. HI 
1 the ſeventh bertof) but (by the ſame ons hereof) 
A 4 AF E: FI: WL M: IX.. W 
And thoſe that are a 1 103 abe, . 
tween themſelves. here fore, 5 EGS 
. GL: HI: LK. 


* 1 one Sule 1 * 4 ved, the ee 
2 ne St 141 Fn Thu * 2 to the Two 1 


DT 
Angles of the one Trine. 


If, in the Plain Tri [4 N O'P, the Sil Phe NOOR | 
Q, the outward Age OP Q ſhall be equal to the Two _—_ 


* Angles, ONP and NOP: For, 


Pa 
„ 
2 4 


F 


* 


| * "Cat TFlevrems:. 1 
| If frond: ths Point P, wen Line P R, de dran Parallel to 


NO, the 6uiwvard P. Q ſhall be: anded of. the 
Angles O P R, and NP Ricker the faſt & and RP O, 
| * * ac; to the Two. Wa P and P ON; chat 
is to ſay, the fägle R F 75 gle ON P, and the Ag le 
OP Ry to the: "i le N. firſt berrof ) becduſe bf the 
the Parallel N O ind F R . te the de, OP is 
equal to the Tworinwatd' and oppolre Angt, ON and NOP: 


EONS is 1 


. 


Ct 4 * 


NY x 


xl The Three Angles of eve Plain 0 by Rigir Lined ) Triangle, 


are tual to Two Right Ang 


27 


As in the Plain Triangle N 0 p (in the Dia ram before of the Fig. | 
tenth) 1 Hy, che Three 4ng/es'N OP, P and ON P, are XXXIX 


together 1 to Too Right Angelos. 

Tor the Angles ow wr 950 E ih One Point; 2 
and the ſame Ri 70 Ri ngles. 

But the Three 27% NG e are equal 
to the Three Ang/es, meetin ing 7 ns 0FN P; upon the be RY Ng hit 


Line NQ. Fer the g/ 
we Nb 


Angles 34 7 1 the} Fs = the 5 8 
Angler E u te 
Ale. And from hence will NS 2 7 ; 


N 


Co NOULDTL ARTEN A 


©2- "6 Thy ws can be but One Ke, or Oye Ora þ 6 3 


any Plain Tri angle 


2: And if One * be Right, or Obruſe, che "het: Two thalt 


be Acute. 

3. That the Third Angle of an Plain Tri tle. is the apl. 
ment of the other TI to Two Right Angler. 

4. That if Two Triangles be . in a0 1555 of their 
Angles, they are wholly. Equiangled. | : 


XII. Inevery Ri Plain Triangle, The s 
Side which // — 2 3 is rg 10) the R . rin 
be Equal 70 both gs ich are made Fes Sides 
which ſubtend the Right 2 Eucl. Lib. 1. hy 47. 


PNi 999 to both, and the 


* 


As in the Plain a neled Triangle 8 T V, Right- * at * XI. 


Tz, Flay, the Sides 8 T and T V, CY the Right Angle ST V, 
are 


Cini eee ö 


5 . to the Hypotemuſe VS; that i be S 
of the Side 


ST and TV; nnch the wares 8 W T 


VT BC, added together, are equal 'to Square of the | 
renuſe VS; to wit, the Square X TSV. Ee * 


For, if from the "Right Angle at T, be let fall the Perpendicu- . 
4% TA Z, then out of the Square X Y VS is made Two Rel. 
angled Figures, ASYZand A AX Z, the Rectangle (or rOblong) 
AST Z equal to the Square S WTE, and the Recfanęle 
XZV ual to the Square VT BC. — And therefore the 
Sguare 8 Z, compounded of thoſe Two Oblongs, is equal 
14 the Two Squares VTBC and 8 T W. | 
But that the Two Oblongs A Z M S and AVXZ are equal to 


we er SWT K 1d VTBG, i ſhall thus be proved. ; 
_- If Three 5 Lines be Proportional, (as by the ſixth 2 238 


be Means 2 n made 0 


. Right Lines SY, (equal to$V) ST and84, are 


Proportional; that is, 


ASSY(=SV) : 8ST 28128 A. 


Therefore the Square of 8 T is ual to the, Ollaxg made of 
SY (=SV) and SA; for the Triangles STV and TAS 
are Equiangled, becauſe of the common Angle at 8, and the 
260; ehr Angles at T and A: Therefore (by the eighth . ) 


ASSV:ST:: ST: SA. 


In the fame manner it is alſo proved, that the 0b/ong VXZA 


is equal = 1 Sguare VTB For the "Triangles T SA _ 
AT uiang led, becauſe of their common - Ang/e at V 
and the TO He Angles at T and A, Therefore, ; 


ASV: TV: TV: AV. 


| And fo INT the fo bereof) the 221 TV is equal to the 


Which was to be de 


+ . Geometrical Theorems, 25 
= Hence it followeth: That, 


If in a Rightangled Plain Triangle, any Two Sides be given, the 
* I Thin may be ſaid 10 be given alſo, © ; 
As if the Two Sides including the Righr Angie T V 8, and F. XI. 
TS 6 were given, their Squares 64 and oo added together, 
make 100, the Square Root whereof is 10, for the Third Side (or | 
 Hypotenuſe ) $ V.—— On the contrary, if the Hypotenuſe 8 V 
10, and one of the containing Side I S 6, be given; ſubſtrat 
the Square of 6, vis. 36, from the Square of 10, viz. 100, 
the Remainder will be 64; the Sqzere Root whereof is 8, for 
the other containing Side I b. ; 


XIII. In every Plain Triangle (as well Right as Oblique angled) 
the Sides are in Proportion one to the other, as are the Sines 
of the Angles oppoſite to thoſe Sides, & contra. | 


DEMONSTRATION: 


Let the Triangle A B C, be inſcribed in a Circle, and from the Eg. XLI. 
Centre D, draw the Radii D F, DE, DG; biſecting as well 
the Peripheries as the Subtenſes; and let there be alſo drawn 
the Radius D C. Now, becauſe the Angle at the Centre EDC 
is equal to the Angle in the Peripherie A B C, and CD F, 
— to CAB (by the twentieth f the third of Eucl.) There 
fore ſhall the Halves of the Sides be as Sinet; and what Pro- 
portion the Side C A hath to the Side C B, the fame ſhall 
the Sine H C, have to the Sine CI: For what Proportion the 
Whole hath to the Who/e, the ſame ſhall the Half have to the 
Half. Which was to be demonſtrated. | | 


And from hence follow theſe 
CONSECTARTES. 


I. If the Angles of 4 Triangle be given, the Reaſon of the 

Sides 18 alſo given. | 8 

II. If One Side be given, beſides the Angles, both the other Sides 
are alſo grven. | 


E 5 wy. 


* 


- [ \ 
- . x 


— 


N | abt _—_ n * | * 
: 7 | 1 ö ; = : 
— — * — "Ys * wo P - wo * 
- - l 
: - 4 1 1 


WF T wo. Sides of « Triangle be given, with an . 


fite_to one of them, the Angle oppoſite to the other f i 
1s alſo Given. 4 | Wh dit aft, 


Theorems Extraordinary. 


II If ina Gidle Two Right Lines be inſcribed, cutting each 


other, the ReRangles of the Segments of each Line, are. equal: 
And the Angle at the Point of Interſection, is meaſured by the half 
Sum of its intercepted. Arches. | " 

II. If to a Circle Two. Right Lines: be adſcribed from a Point 


without, the Rectangles of each Line from the Point aſſigned, to 


the Convex and Concave are equal: And the Angle at the aſſigned 
Point is meaſured by the half Difference of its intercepted Arches. 

III. If in a Circle Three Right Lines (hall be inſcribed, one of 
them cutting the other Two: Then the Rectangles of the Seg-. 
ments of each Line, ſo cut, are directed proportional to the ReQ- 


3 es of the reſpective Segments of the Cutter. 
"Fr If a Pla 


in Triangle be inſcribed in a Circle, the Angles are 


one half of what their oppoſite Sides do ſubtend: And if it hath 


one Right Angle, then the longeſt Side of that Triangle ſhall be 
— the Glcks © | Ne A 
V. If in a Circle, any Plain Triangle be inſcribed, and a Perpen- 
dicular be let fall upon one of the Sides, from the oppoſite Angu- 
lar Point. Then, as the Perpendicular, to one of the adjacent 


* Sides z 1 is the other adjacent Side, to the Diameter of the cir- 


The End ef the Firſt Pare. 
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SECTION I. 


/ 


LC 


| JANUA MATHEMATICA, 


Of Plain (or Right Lined) Triangles. 


Py 


O lined) and Spherical, (or Corn 
do confiſt of Six Parts; namely, 
as many Angles ; but in this Place we ſhall only treat of the 


Plain. | 
I. A Plain (or Right Lined) Triang/e conſiſteth of Three Sides, 


CHAP. I. 


DEFINITION 


. 


** 


8. 


E Triangles there are Two Kinds; viz. Plain, (or Right. 
Either of which 


Three Sides, and 


and as many Angles: And ſuch are the Two Figures C B A and 
C DB; in which, in the firſt Egare AB, BCand CA, are the 


Three Sides of the Triangle 


B A; and CAB, A CB and 


CBA, are the Three Angles of the ſame Triangle C B A. 
I And Note here] That an Angle (in any Caſe) always 
whereof repre-- 
ſents the Angular Point. So in the Triangle A BC, if I 


noted with Three Letters; the middlemoſt 


would expreſs the Angle at 
A CB; or, The Angle BC 


2 I would ſay, The Angle 


Alſo in the ſecond Figure DB C, the Lines D C, DB and CB. 
55 the Three Sides of the Triangle D B C,; and the Angles 
angle 


REED and B CD, are the Angler of the fame Tri- 


o 4 3 


U. A 


* 


F e 
by *. 
30 
= 


II. Any Two Sides of a Triangle, are called the Sides of that 


Fig. I. 


Janua Mathematica. 


Angle contained by (or comprehended between) them: So the 
Sides B C and C A are the Sides containing the Augie B CA. 
III. Every Side of a Triangle, is the ſubtending Side of that 
Angle cohioh ie oppoſite «nta-#. - As inthe Triangle A B C, BC 
is the ſubtending Stat of the Angle CAB; the Side B A ſub- 
us 2 Angle BCA, and the Side C 4 ſubtends the Angle 
And here Note again,] That the greateſt Side, always, ſub- 


tends the greateſt Angle, the leſſer Side the leſſer Angle, and 


equal Sides ſubtend equal Angles. | | 
IV. The Meaſure of an Angle is the Arch of a Circle deſcribed 
upon the Angular Point, and is intercepted between the Iwo Sides 


cantai ning the Angle, (increaſing the Sides, if Need be). So in 
the Triangle ABC, the Meaſure of the Angle C BA, is Arch 


Fg. II. 
into 60 Minutes, (or rather into 100 of 1000 Parts, &c.) Which 


V. E very Circle is divided into 360 Degrees, and every Degree 


Degrees are ſo much the Greater, by how much the Circle is 
Greater; and thoſe Arches which contain the ſame Number of 
Degrees in equal Circles, are Eqgua!: But in unequal Circles 
they are termed Lzke-Arches. 80 the Arches C F and DE ae 
Equal Arches, they being equal Parts of the ſame Circle DH K. 


But the Arches CF and OP are Like-Arches : For, as C F is 


than the Quadrant DH. 


40 Parts (or Degrees) of the Greater Circle DE FC, fois OP 
40 Degrees of the Leſſer Circle PO G. 


- VI. A Byadrant (or Quarter) of a Circle, is an Arch of 90 


H F. 


Degrees. As is the Quadrant (or Arch) 


VII. The Complement of an Arch leſs than a Quadrant, is Jo 


much as that Arch wanteth of go Degrees. So the Complement of 
the Arch C F 40 Degrees, is the Arch HC 50 Degrees. 
VIII. The oe of an Arch Greater than a Quadrant, is ſo ma- 
3 Degrees as that Arch exceedeth go Degrees. So the Arch 
HE being 140 Degrees, is the Arch H C, 50. Degrees more 
IX. A Semicircle is an Arch of 


| 180 Degrees. As is the Semicir- 
cle DHF. . 


X. The Complement of an Arch leſs than a Semicircle, to a Se. 


micircle, is ſo much as that Arch wants of 180 Degrees. So the 


Complement of the Arch D HC 140 Degrees, to the Semicircle 


DHE 180 Degrees, is the Arch C F 40 Degrees. 
was? Bs XI. The 


of Right Lined Triangles. = 


XI The oppoſite Angles made by the croffing of Two Diameters 


in a Circle, (or any To other Right Lines croffing each other) 


are equal, So the Angles C BF and CB E, (made by the In. 


terſection of the Two Diameter DF and C E in the Center B) 


are al, . 

Nl. An Angle is either Right or Oblique. . 

XIII. 4 Right Angle is that whoſe Meaſure is 4 Buadrant or 
90 Deg. So the Angles HB D, and H B FP, are Nębr Angles, their 
Meaſures being the Junudrunts D H and H F. 

XIV. 41! Oblique Angles are either Acute or Obtuſe., 

XV. An Acute Angle, ts that whoſe Menſure is leſs than 90 Deg, 
So the Angles HB C 50 Deg. and C B F 40, are Oblique 
Acute Angles. 2 | 
XVI. 4 Obtuſe Angle, is that whoſe Meaſure is more than a 
Quadrant or go Deg. So the Angle DB C (conſiſting of 90 and 
50 8 viz, of 140 Deg) is an Oblique Obruſe Angle; - 
XVII. The Complements of Angles are the fame, ay are the Com- 
eme nts of Arches. W S wo 

XVIII, 4% Angler concurring (or meeting ) together upon Ou 
Right Line, all of them being taken together, are equal to a Semi- 
orrcle, ar 480 Deg. So the Angle D BH o Deg. HB C 50 
Deg; and C BF 40 Deg. (made by the concurring, or meeting, 
of the Three Lines D B, H Band CB, upon the Diameter D F. 
in the Center B) are all of them Equal to the Semicircle D HCF, 
or 180 Deg. n an e 


XX. 4 Triangle hath ſome of its Sides Equal, or-elſe they be 


all Unequal. -. | er x 

XX. a of ſome Equal Sides i either Equicrural o- 

uilatera OY 88 

XI. An Equicrural Triangle # that which hath only To 

Equal Sides. And ſuch is the Triangle D B E, whoſe Sides BD 
and B E are Equal. 85 2 10, 

XXII. Az Equicrural Triangle # Equi-angled at the Baſe. So 
in the Equicrural Triangle B DE, the Angles BD E and BED, 
at the 5 DE, are Equal, viz. each of them 70 Deg; for the 
Angle DBE being 40 Deg that taken from 180 Deg. leaves 
140 Deg. the half, whereof 70 Deg, is equal to the fugle BDE 
or D E B, 
Krebt Angles. | 
This is Demonſtrated in the XIth Theorem hereof. 


XXIII. 42 


and all the Three Angles equal to 180 Deg, or T ũßo 


* 


_ 2, * 
* n 
n IL: XXIII. 47 Saulen Triangle, is that whoſe, Sides are ; all 
wal,” and whoſe Angles contain (gach of them) 60 Deg.- So the 
. hath its Sides B E, B K and Ne — of them 
equal, and the Angles EBK, EK B. and K E B jr alt | 
and each of them equal to 60 Deg. and conſequently 
them equal-to 180 Deg. - 
XXIV. 4 Triangle zs jr Right Angled or Obli que Angled 
XXV. 4 Right-angled Triangle, is that which bath one Right 
Angle.” And ſuch is the Triangle CAB, Right-angled at A. 
VXXVI. An Oblique-angled Triangle is het which bath all ite 
Angles Oblique. And ſuch is the Triangle B CD. . 
XXVII. An Oblique-angled Triangle, zs ei ther Acute-angled, or 
Oben e-angled. | 
3 VIII. 4 Oblique Acute · angled Triangle is that which hath > 
8 ny 7 1 Angles Auute. And ſuch are the Wee DB E,. =p 
1 XXIX. An Obliq ue Obtuſcungled Triangle is that which hath | 
_. One Obtuſe, and Tivo Acute Angles. And ſuch is the Triangle 
=—_ BCD _—_ Angle DBC , and the A BDC — 1 
8 cute 4 _ = 


.. 


92 


on 
R_— 2 
3 


* 4 
a. 1 . 4 a 


C HAP. II. 4 
of Right Lines, applied to 4 Grele. 4 5 3 | | 


Phi: as the Ratio or Proportion of an arch 1 to a 
| ht Line, is as yet unknown, yet it is abſolutely. 

| that Robe Lines be applied to a Circle, for the Calculation 4 ; 
_ - Trianglet, wherein Arch Lines come in Competition: For the | 
. - Angles of Plain (or Right-lined) 2 are 1 by Arber 
= of Crrcles. 

| | Nov, the Right Lines applied (or aug), fora Circle, ate 
. Chords, Sines, Tangems, Secants and Verſed Sinenr. 
= Fg III. 1. A Chord, or Subtenſe, is a Right Line, joining the Extremi- 
- ties of an Ark; as A C is the Chord of the A A Cand ADC. 


war onde 8 


4 Right Line, Which is (ingly called a Sine, is a Right 
Jy Line, drawn from one end of an Ark, perpendicular to the Dia- 
WW. - meter drawn through to the other End: „it is half the Chord 
* * twice the Ark; ſo A E is the Right Sine of the Arte A B 

and AD. The Radivs (or Sine of 90 Deg.) is called the 2 

8 ine, 


1 — "x " 


— 


Sine, and is the * of all Sines : For the Sine of an Ark Fig. fl. 
| greater than a Quadrant, is les than the Rauf; FG is the | 
whole Sine or Radiau. 
A Ferſed Sine is the Segment of the Radius between the Ark 
and its Rs Sine; 10 E Bis the Verſed Sine of the Ark AB, 
and of the Ar AGD. 
4. The Secant of an Ark, is a Right Line, drawn from the Cen- 
ter rhrough one end of an Arx, till it meet with the Tangent: 
That is, a Right Line touching the Circle at the neareſt end of 
that Diameter which cuts the other end of the Ar. F M is 
the Secant, and B M the Tangent, of the Art AB, or of A D. 
5. The Difference of an Ark from a Quadrant, (or go Deg.) 
1 it be Greater or Leſs, is called the Complement of that 
4 ſo GA is the Complement of the Art ABand AG D, and 
= H AA is the Sine of that Complement: G I'the Tangent of that 
_ Complement : and F I the Secant of that Complement. All which 
1 * Brevity) we write Co- Sine, Co-Tangent, Co-Secant of the 


= 5. The Difference of an Ark from a Semicircle (or 180 Deg. ) 
=_— Sy { - Called its Supplement; ſo the Ark A B is the Supplement of the 
u DG A, to a Semicirele. 

1 tl 7. That Part of the Radi which is between the Centre and 
iss Right Sine, is equal to the C- Sine. Is F E is equal to H A, and 
n the CoSine of the A DS. e a 
ot . If an Ar# be Greater or Leſs than a Quadrant, the Sum or . 
| Difference accordingly, of the Radias and Co. Sine, is equal to the | | 

Verſed Sine : For D and H A together, are 2 bo DE, the 
Verſed Sine of the Ar D GA; and F B leſs by an | 
is equal to E B, which is the Verſed Sine of 15 por A 


* 
- 
= 
l * 
\ 


Eg. IV. 


g. v. 


Fig. VI; 


* Mathematica. | 


CHAP. In. 


Some Short Problems, to wake Canons of Ses Tangents 
* 5 


j PROB.L. 


n how to Jud vie the are 
Complement. 
B c being given, 1 find A C. 


Beg the Triangle A C B is a Rectangle (by the Definition 
of a Sine) and the Sides AG, B C, are of the ſame Power 
as the Hypotenuſe; that is, the Radian AB: T if the 

of the Sine B C be ſubſtracted from the bole e of the 
Radias A B, there remains the Square of AB, whoſe Side! is the 


Right Line A C, the Sins ſought or. 
| P R O B. II. 


The 8 Atk 
oe Sine of x to ad de Sim e Fa bol the he ke 


'RQernd AQ being givers, to find B O „R O 
As AB: is to BO, ſo is:: BO: to BG; thereforeB O will . 
be the Square Side of the Plain from the Radius ABand B G, 
the half Perſe Sine For QB, the Ver/ed Sine of the Ar& BR, 
is given; uſe A Q, the Sine of the Complement, and A B, 


the Radize, are given by the Suppoſition. 
PRO B. III. 


The Sines of Two Arks, and the Sines of the Complements be 
ing given, to find the Sine of the Sum. 


R Q, QA, and S T, TA, being given, 0 fnd SP. 


AS ARistoRQ, fois AT to T G, or CP. 
As A R is to AQ, ſo is ST to SC. 
* and CP together make S8 P, the Sine of the Sum of Two 


the Sie of the 


av - 


b 


ROB. 


Of Right Lined Triangles. 
P R 0 B. IV. | 


The Jame being given, to find the Sine of the Difference. 


„Rd, QA, and S P, P A, are given, to find 8 T. 


As A Nis to QR, fois AP to P O, from whence you 
find 0 K. ASAR is to A Q, ſo 5 O & to S T. * 


I To theſe join the Theorems. | 
; Trane The leaft Sines are, almoſt, in the ſame Ratio as their 


* 
1 
3 
= 
p 


"= nj e 8 


This Theorem will ne tres ba m t cond 
nued Biſections; n 
— — . in the ſame _ et og 22 
4 et contiguous amongſt themſelves, a 
moſt of the ſame Quantity, as it appears, tho? not 90 
yet to a very profound one. 


W 4 Theorem II. eee al Parts in Num- 
9 — = Number of the Parts of the firft Section, is to the Nun 


econd, (reciprocally) ax one Part of the ſerond Sefton 
is ry one e of the 2 2 2 . ; 


Divide the ſame Line, firſt into Four, then into Threr Parts tben 
it will de as 4 ro 35 fo > Part to 2 + reciprocally ; the Reaſon is, 


becauſe 3 in 1 and 4 in + makes I; and becauſe the 
Produ£ts are equa the Mdutripticands will be reciprocally pro 
portionable, 


The ConſtruQton of the Canon of Sines. - 


The Sine of the whole Quadrant i is call'd the Radius, for it is 
the Semidiameter of à Circle. Set in the Canon a Radic of 
r00000 Parts, or 100000.00 for Neceſſity of Calculation; but 


Parts; for by that N the-Errors which oftentimes happen 
amongſt the Hand Figures may fafely be correQted with- 
out any * to the 9 ” 

| 2 : en 


for the better making of the Canon take a Radius 12:0000.00000 


6 = 
? a. * 
5 FR, . 
= 


= - Jana Mathematica. e 
. Bg. VI. Then biſe& the Quadrant, and look for the Sine of the Biſeg- 
nent by Prob. 2. and its Cine by Prob. 1. then biſect this Bi/eg- 
ment again, and look for the Sine of the ſecond Biſagment by 
Prob. 2. and the Co ſine by Prob. 1. then biſect this ſecond Bi/eg- 
ment, and look for its Sine or Co-/ine by Prob. 2. and 1. and Y 
then biſe& the third Biſegment, &c. and continue biſeQing 13 4 
times, till you find a Sine of N Part of the whole Quadrant, 
as tis here ſet in the Table. Now we come to the leaft Ark, . 
where the Truth of the firſt Theorem is illuſtrated: For as the Ml 
Ark of the Quadrant = is double to the Ark ,; ſo is its 1 
Sine almoſt to that Sine. i | | * 
a | 


The Sine of the Ouadrant. 100000,00900 | 


The Sine of 3 of the "Quad. 70510 67811 = - 


— — 


| 9801.71403 Þ+ 


15 The Sine of + of the Qual. _ 38268.34323 * | | 1 
The Sine of 2. Part of the &. | 19509.03220 4 | 9 


The Sine of Part of the 2 
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Of Right Lined Triangtes.. 


firſt Scruples, that is, of 3+ part of the whole Quadrant, or of 


one hundredth part of a that is, of r part of the 
whole Quadrant is to be found. Therefore b r, Theorem, 
art of this Divi- 


as £422. is to $192, ſo the aunt of the fi 
ſion is to the quantity of the firſt Part of that Diviſion, and by 
the firſt Theorem; ſo is the Sine of 3-5 Part, which you have in 


the Table at the Sine of j 75 part of Degree. 
"KK 


Therefore the Sine of the firſt Minute, or of the firſt hundredth 
part thus form'd by Prob. 1, extract the Sine of the Comple- 


ment, to wit, of the Ark 89 Deg. . then by Prob. 3. find 


TT 

out the Sine of the ſecond Minute, and its Co-/ine by Prob. 1. 
and from thence you will find the Sine of the Sum of 2 Min. and 
1 Min. that is 3 Min. by Prob. 3. and its C. ſine by Prob. 1. and 
from the Sine and Co-/ine 2 Min. or from the Sines and Co-/ines 
3 Min. and 1 Min. you may look for the 4th Size by Prob. 3. 
and the Sine of the Complement by Prob. 1. . Likewiſe from the 
ny and Co. ſines of 2 Min. and 3 Min, or 4 Min. and r Min, you 

y find the 5th Sine and Co: ſine by Prob. 3. and 1. &c.'even 


0 J «1 or 1 Deg. and from the Sine of 1 Deg. you may by 


the ſame means find all the Sines of the 90 whole Deg. and from 
the Sines and Co-/ines, before found, of 60 fingle Minutes, it will 


be eafie by 3d Prob. taking the 4th Prob. too, when it will 
be uſeful, to extract the ſingle Sines of all the fingle Minutes 


interſpers d. 


A Dedultion of the Tangents and Secants from the Tables of Sines 


The Tangents are made thus: 


As AC, the (eine, is to C B the Sine; ſo is A E, the Ru Fig, VIL 


dius, to E D the Tangent. 
But the Secants thus: ö 
As AC, the Co-ſine, is to A B the Radius; fo is A E, the Ra- 
dius, to A D the Sœcant. | | 
By this way the whole Canons of Tangents and Secants are ex- 
trated from the Canon of Sines, 


| 37 
This leaſt Sine beg thus found out, the Sine of one of the Eg. VI. 


5 


: F Fig. VII. 


A paſs by all Rules of Calculation. tor I don't undertake to f 
make new Canons; foraſmuch as ſome of the moſt excellent 1 
Artiſts, by their Study and Induſtry have ſav d me that Trouble, Mm 


it ſufficiently anſwers my Deſign, if the Reaſon of · Syntax, what- 
ever it be, be only underſtood, and the Truth of the Numbers 


* 
- : 


put in the Canon which the Propofitions above abundantly prove. 9 


alſo given; and One Angle eng one, the 
: ree 


"given, the Sides cannot be found; bur only the (Reaſon, or) Pro- 


b, ue malt 0 hath 
5 "vp New to Ba a fourth. | 4 85 
6. In Right-angled Plain Triangles there ate Seven 7 5 


Of the Affections of Rigbr-lined Triangles, in order to 


4 Two Right Angles. By the 32 Pro. Euclide. Lib. I. and by the 


A S * 8 . „ 


* 


CHAP, IV. 


the Calculating (or Reſolving) of them. - 


1. Plain Triangle is contained under Three Right L. 
A and is either Rrght-ang/ed, or Obligue. _—_ — 
2. In all Plain Triangles, Two Angles ei 1 the third is 
m of the other 

les together are equal 


Two is given; becauſe, The 


21th of Sect. I. hereof. Theretore, 


In a Plain Right angled Triangle, One of the Acute Angles is the 
Complement of the other to go Deg. | . 


3. In the Reſolution of Plain Triangles, the Angles only 


6.4 


— of them: It is therefore neceſſary that one of the Sides 
known. | | 
| In a Right-angled Triangle, Two Terms ( beſides the Right 
Angle) will ſerve” to find the third ; ſo that One of the T 

be a Side. | 

Five in Oblique : For the Solution of which, the Four following 
4XIT0MS are ſufficient. | 25 


 AXIOME 


Of Right Lined Triangles. 9 
AXIOME 1. "7700 


ſa a Right Plain Triangle: The Reftangle made of Radius, 
and one of the Sides contatning the Right Angle, i _ to 
the Rellangle, made of the other e Side, and the T 
gent of the Angle thereunto adjacent. 


ai: "DEMONSTRATION. 


In the Rightangled Plain Triangle B E D, draw the Arch F E; Eg. VIII. 

29 dius, and D the Tangent of the Angle at B: Make 
1 then ate the Triangles A B C and B D E 

"tike uſe of their Right Angles at A and E, and their common. 

eben Therefore, 


As B A: BE: {AC:ED. 


And, BAinED is equal to B E in A C. 
That is, BA in 7 B is equal to Radius mop lh 
Which which was to bedemonſtrated. 


| A4XIOME I | - 
In all Plain Triangles: The Sides are proportional ro the Such o 
their oppoſite Angles. ; 
| DEMONSTRATION. : 
In the Plain Oblique Tri CBD; extend BC to F making Fig. IX. 
gn pap ue: deſcribe the Arches F G and CH; then * 


are the Kr F E and C A, the Sines of the —— 
22 the Triangles B E F and B AC are like, becauſe 


Right Angles at E and A, and their common Angle- at 


hi 


As BC: CA: (BF: R 
Kenn 
As BC: s b c (quatto BF) : R. 
— 


AXIOME. 


ma - N 1 * 3 * * N n ** yon 6 SS — 
0 "w ** ; nt 0 
> 1 7 88 . | 
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- FIOME I. 


" la all Plain Triangles: As the half Sum of the Sides, is to cheir 
ha Difference; ſo it the Tangent of the balf Sum of their 1 8 
0 * * to the Tangent 1 their balf Degerence. 


Otherwiſe, 


In every Plain Triangls: As the Sum of the Two Sides, is to their 
- Difference; ſo is the Tangent of the half Sum eo the bn 
owes, to the Tagen a, their g 


err 


Fig.X. In the Oblique angular Triangle A B C, let the known Sides 
beBA BC ; and the Angle ABC, comprehended by them: 


— it Obruſe in the ſuperior, but Acute in the inferior, 


ntinue the Side A B to H; fo that H B may be equal to BC, 


and join C and H, —and make BI ual toA B: Allo, from the 
- 2" draw the Right Lines D and I G, — 
i 


Then ſhall the exterior Angle CB H be equal to the Two in- 
terior and o 37 — (by the 32th of the 1ft Euclid.) For 
the Angle C ual to the Angle A CB; and the Angle 
DB E, gout AB. 
(Moreover, from the Point B, let fall a Perpendicular B E, 
which ſtiall biſe&t C H at the Point E; then making B E the 
Radius, upon B, deſcribe the Arch M E I. Therefore ſhall CE 
be the Ty _— of half the Sam of the oppoſite Angles : And DE 
(towhich F E is equal) the Tangent of half their Difference. 
Now, becauſe A C, BD, and I G, are Parallel, therefore ſhall 
CD, DG, FH, be Equal: As alſo, D F and GH: There- 
fore * WG 


By Equality of Proportion : 


As AY the Sum of the Two Sides, - 
80 J b B. the Tangen of keit the oppoſite Angles 
So is angent 0 e 
To D E, the _—_ of half 2 


in. tf 
N 4 
2 


| 9 4. NP 
Of * Right Lined Triangles. "x" 
Otherwiſe, * 


As the Sum of the Two Sides, | 
Is to the greater Side doubled; f 
So is the Tangent of half the Sum of the o =p Angles, * 
To the Sum of the Tangents of the half Sum, and half Diffe- 
rence of the Angles. | 


Otherwiſe, 


As the Sum of the Two Sides, 
Is to the leſſer Side doubled; | 

So is the Tangent of half the Sum of the oppoſite Angles, 
To the Difterence of the Tangents of the half Sum, and the 


SE half Difference of the Angles. 
* | _"AXIOME W. 
13 all Plain Triangles: As the Baſe, is to the Sum of the other 


Sides; ſo, is the Difference of thoſe Sides, to the Difference of the 
Segments of the Beſe. — 7 


DEMONSTRATION. 


BCtoF, and draw FG and D H. 

Then is B F equal to the Sum of the Sides C D and CB; and 
H B equal to the Difference of thoſe Sides; and G B is equal to 
the Difference between A B and AD, the Segments of D B, the 
Baſe : And the Triangles H DB and B G F are like; becauſe of 
their equal Angles at D and F; the Arch H G being the double 
Meaſure of them both: And their common Angle at B. 


| Therefore, 
As BD BF: HB: GB. 
That is, 


As DB: FB A. Sum of the Sides) : : H B (the Difference 
of the Sides CB and CD): GB (the Difference of the Seg- 
ments of the Baſe. ) 


G | X36 


a Tt 9 
E x 4 a LY = _ 
| . * FLY 
\ © "7 4 * _ 


In the Triangle BCD, let fall the Perpendicular C A, extend Pfg. XI. 


- 
- 
„ — ä—Q—U — — Gray „* 
- 
„ 5 


—— — 


— 
. 


| 


' 


. 


. 
2 


IA Table 10 Reduce, Sexogenary Hi.. 
'| awtes, to Centeſumal Paris; and| | 
the contrary. _ W es 
| Sexag. | Cent» | Sexag. | Cont - 
Min «t Parts. Minat. l Parts. 
ANT ok G1.07 31 | +51.67 

2 | .03-33] 325333 

305 33155. 

4 | os 67 3456.67 

5 od 23 35 58 32 
8 10. 26 1.60. 

= 11.67 | 37-| .61.67 

8 1.13.33 3863.33 
| | Bf er 79 391.65. 
— 16.67 40.66.67 

1111.18.33 | 41 | -68 33 
1220. 42 70. 
13 21.67 43 | -71:67 

1423 33 44 1 73:33 

15 25. p 45 | 7. 

5 26.67 46 76.67 

17 | 28,33 4778.33 

18 30. 48 80. 

19.31.67 49 | .$1.67 

20 | -25 22 50 | ,$3.32 

21 | +35» 51 85. 

22 | .3367 5288.67 

23 | -38.33 | 53] 88.33 

2440 54 | -90. 

25 [43-67 | _..35-4:2207 
q26 [43330 561-9333 
} 27 45. 57 95. 

28 1.46.67 58 | .96.67 

29 | «48.33 | 59 | -98.33 

301.50. 60 | 1-00.00 


Danna Mathematica. 


ADVERTISEMENT. 


and alſo 


T Hereas in this Part 
of this Book, 


- which treateth of Trigo- 


nometry, where the Ang/es 
of Right-lined, and the 
Sides. and Argles of Sphe- 
rical Triangies are mea- 
ſured by Arches of Gr- 
cles; and thoſe Arches 
are uſually numbred (or 
accounted) by Degrees, 
Minutes, Seconds, &c. 
Of which one Degree 
contains 60 Minutes, One 
Minute 60 Seconds, &c. 
which is called the Sexa- 
ry Diviſion of the Degree. 
Or otherwiſe, the Degree 


is ſuppoſed to be divided 
into 100 or 1000 Parts, 


which is called the Cen- 
teſimal, Milleſimal, &c. 
Divi ſion, (and is the bet- 


ter of the Two in many 


ReſpeQs. ) 
ow, whereas in the 


following Trigonometrical 


Calculations Of this Book, 
in the other 
Parts (which concern the 
Docfrine of Iriangles a 

plied to Practice in ſe- 
ts of the Ma- 


veral 


themaricks) I have, ſome- 
times, uſed the Sexagena- 
7 and ſometimes the 
enteſimal, Way of Di- 

viding 


5 


| . «1 . 1 = — ö 
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viding the Degree: (Not that I intended to make a Difference, 
(or rather a Confuſion, by intermixing them) but becauſe theſe 
everal: Irafates were not written at the ſame time, nor, 
at firſt, intended to be joined together, as here they are: But 
ſince it ſo is, I have here (in the beginning) inſerted a ſhort Table, 
by which Sexagenary Minutes are Reduced to Centeſimal or Mil. 
leſimal Parts : And alſo, Centeſimal Parts to Minutes and Se- 
conds: So that when the Reader meets with either of them, 
in any Part of theſe Traftates, he need not be at any Stand) 
(or Demurr about it) but readily know, to which Account it 
belongs, for the Manner of writing them will diſcover it: So 
23 Deg. 30 Min. is written as here; but the ſame written 
Centeſtmally, thus, 23.5 Deg. Alſo 56 Deg. 43 Min. is written 
Sexagenarily, as here, but the ſame Centeſimally, thus, 56.71 Deg. 


or Milleſimally, thus, 56.716 Deg, And fo of all others, as in 
the Table. 


. 


Mite 


——y—ͤ— _ 


C HAP. V. 


Of the Solution, Calculation, or Menſuration, of Right- 
angled Plain Triangles. 


N Right-angled Plain Triangles, J call thoſe Sides, which Fig. XII. 
comprehend the Right Angle, the Legs; and the Side ſub- 

rending the Right Angle, I call the Hypotenuſe; and the Trian- 

gle which I ſhall make uſe of in the Reſolving the Seven CASES 
following ſhall be that Diagram noted with M, in Eig. XII. Whoſe Diagram 
Sides and Angles are, h M. 


A B 235.00 
Side oF 274 93 0 Parts and Centeſms. 


A 142.72 
A 9go.oo 
Angles < B 31.27 $ Deg. and Cent. 
C 58.73 
CASE I. TheLegs A B and A C given, to find the Angle C. Fig. XII 
PROPORTION. e 


As Log. A C : Radius: 2 AB: r C. (By Axt. I. 
2 0 


1 


44 Jama Mathematica. 


To Tangent C, 58.73 Deg 10.2165 830 


Whoſe Compl. 31.27 Deg. is the Angle at B. 


Fe. XII. C48 E II. The Angles C and B, and the Leg. A B given; To | 


% H. find the Leg. A C. 
PROPORTION. 


As Rad. : Leg, AB::rB: Log AC. (By Ari 1. 
OPERATION _ 


As Radius, Tang. 45 Deg. 10. 
To Log. AB, 235.00 Parts 2.3710678 
So Tang. B, 31.27 Deg. 9.7883979 
To Log. AC, 142.72 Parts | 12.1544657 


Fg. XII. CA SE III. The Hypotenuſe BC, andthe Leg. A B given; To 


Caſe III. find the Angle C. 
| PROPORTION. 


As Leg. B C: Rad. : : Leg. A B. 5s C. [By Axi. II. 
OPERATION. 


As Hypo. B C, 274493 2.4392537 
Is to Radius, Sine 90 Deg, 1.” 

So is Leg. A B, 235.00 12.37 10678 

Io Sine C, 58.73 Deg. 3.931814 


Eg. XII. CA & E IV. The renz! C, and the Angles B and C, gi- 
Caſe IV, ven; To find the Leg. A B. 
| PROPORTION. 


As Radius: Hyp. BC: : C. : Leg, AB. [By Ax. ll. 


O PE- 


p 88. F 
X * 


OPERATION. 

As Log. CA, 142.72 Parts 2.154484% 
1s to Rad. Tang. 45 Deg. > | Lag 
So is Log. A B, 235.00 Parts 12.3710678. 


Of Right. Lined Trigngles. 
OPERA 710 N. TY 
As Radius, Sine 90 Deg. | ag 


To re 274-93 Parte 2.439253 
So is Sine C, 58.73 Deg. | 8.218293 

To the Leg. B A, 235.00 Parts 12.3710830 ' 
CASE V. The Angles B and C, and the * AC, given; Fig. XII. 


To find the Hypotenuſe B C. Caſe V. 
 PROPORTION- * 
As B Leg. AC.: Radius: Hypotenuſe BC. [By Axt. II. 
OPERATION. 
As Sine B, 31.27 Deg. | 9.7152273 


Is to Leg. A C, 142.72 Parts 172.1544848 
So Radius, Sine 90 Deg | 0 10. 
To the Hy potenuſe B C. 274.93 Parts 24392575 
CASE VMI. The Hypotenuſe B C, and the AC, given; Fg. XII. 
To find the other Leg. A B. 8 eg AGE Cafe VI. 


PROPORTIONS. 
1.) As Leg. BC: Rad.::Leg AC: B. (By Caſe I. 
2.) As1 BLS. A C: Rad.: Leg, AB. [By Caſe L 
4 OPERATIONS. 


1.) As Hypotenuſe B C, 274.93 Parts __ 2.4392537 
To the Radius, Sine 90 Deg. 10. 
So is the Leg. A C, 142.72 Parts 12.1544848 
To the Sine B, 31.27 Deg. | 97152311 
2.) As the Tangent of B, 31.27 Deg. * } 90.7833980. 
Is to the Leg. C A, 142. 72 Parts - 112.1544848 
So is Radius; Tang 45 Deg, » 8 N 
To the Leg. A B, 235.00 Parts yg 2.3700868. 


' + CASE: 


46 | "Jan Aaken 1 


Fig. XII. C4 8 E VII. D Legs, B Ad A, given; Ty ed r 
* c 55 VII. Hy potenuſe B LG 


PROPORTIONS. 
1.) As Leg. A B: Rad. :: Leg. A C: f B. [ By Coe l. 
2, ASs B: Leg. AC:: Rad.: Leg. BC. [By Cæſe V 
OPERATION S. 


1.) As the Leg. A B, 235.00 _ | 2.37 10678 
x Is to Radius, Tang. 45 | 10. 
So is the Leg. A C, 142.72 12.144848 
To Tangent B, 3 1.27 a 9.79834170 
2.) As Sine B, 31.27- Deg.  9.7151857 
Is to Leg. A C, 142.72 Parts 12.154484 
So is Rad. Sine 90 Deg. 1 
To the Hypotenuſe B C 274.93 Parts 24392991 


The End of the Seven Caſes of Right-angled Plain Triangles. 


CHAP. VI. 


of the Solution (or Menſuration) of Oblique-angled 
Plain Triangles. 


Dies XII . if HE Triangle which I ſhall make uſe of i in the Solution of 
the Five CASES of Oblique-angled Triangles, ſha) be 
"that noted with 8; whoſe Sides and Angles are 


. B D, 1270 
. FED, 365 $ Pars | 


CB C, 6323 
| C, 115.18 
10. B jos 6 Degrees and Cent. 
4 D, 2677 


CASE 


| Of Right Lined Triangles. | 47 
CASE I. Tus Sides, D C, end C B, with the Angle at D, Eg. XII. 
oppoſite to C B, given; To find the Angle at B, oppofite to C D. 2 el. 

f PROPORTION. 
As Log. CB: D: : Log. C D, : 5s B. [By Axiom II. 
But here it muſt be known whether the Angle ſought be 


Atute or Obtuſe. 199! 
5 | OPERATION. 
As Log. CB, 632 Pans — 
Is to the Sine of < D, 26.77 Deg. 9.653608 
So is the Logar of C D, 865 Parts 2.927016 
| 12.590624 
To the Sine of = B, 38.05 Deg. 9.789907 


CAS E II. Trwo Sides, D C, and B C, with the Angle C, com- Fr. xi 
_ prebended by them, given; To find the other Angles B or D. Caſe II. 


The given Angle C being above 90 ig. 115.18 
Subltrack it from 180 the 2 om is 64.82 Bes 
Which mult be made uſe of in the Calculation: And then, This 


is the | | N 
i PROPORTION. 


As half the Sum of the given Sides DC and B C, 

Is to half the Difference of thoſe Sides; | 
So is the Tangent of half the Sum of the Angles at B and D, 

To the Tangent of half the Difference of thoſe Angles. 

By Axiom IN. Then, 

To the half Sum of theſe Angles D and B, if you Add the half 
Difference thus found, you will have the Greater Angle; but 
being ſubſtracted, it will give you the Leſer Angle. 


r 


0 PE. 


Jann Mathematica. 


OPERATION Parts. 
| 10 8s — 8865. 
The Side 7 C B CE 1 
eee WI] # © © Their een 4475 
The half Sum 748.5 
Their Difference | * 7330 
Ihe half Difference 116.5 
The Sum of the Angles at B and D—<64.52 Deg, 
Their Ditterence © 11.82 Dep, 
The half Sum 32.41 Deg. 


The half Difference 5.64 Deg, 


Being thus . _ 
As the Log. of the half Sum of CB and C D, 748.5 2.8741918 
Is to the Log. of half their Difference, 116.5 20563279 
So is the Tang, of half the Sum of B and D, 32.41  9.8026808 


| I 1.5690067 
To the Tangent of 5. 64 Deg. 8.994814 
This 5.64 Deg, is half the Difference between the Angle and 


gives 38.05 Deg. for the Greater Angle at B. But being fub- 


1: 


4 
P 1 + 
3 Ai 


a % 4&3 


As D: Log. CB: : 5 C: Log. DB. (By Axiom Il. 
OPERATION . A . 


As the Sine of the Angle at D, 26.77 Deg. . 9.8536081 
To the Logar of the Side C B, 632 Parts; 23007171 
So is the Sine of the Angle C, 115.18 Deg. (or 64:82) 9. 97566369 
Fa 12.7573540 

To the Log. of the Side DB, 1270 Parts 3 1037549 
CASE 


<4. \ 


of Spherical. T ag * 4» - 


CASE w. Two Sides, DB u C'B, with the Angle B, com- Eg. XII 
prebended by them, being given; To find the Side C B. 9 * 


1.) Find the Angle C, by the Third Axiome. 
2.) Find the Side C B, by the Second Axiome. 


CASE V. The Three Sides D C, CB, ond D B, being gi- Fig. XI i. 
ven; To find the Angle at D. Ge V. 


Jo the refolving of this Caſe, Two 0 perations are T's 
The Firſt, To the Segments of the Baſe D G and” G 
theſe 


8 „ 
(1.) As the Log. of the B, 


Is to the of the Sum of the Sides C D and C B: 
So is the Log. of the N of thoſe Sides D E, 
| er $ My y Axtome 4. 


ſibſtrated from DB, ſhall be equal toGB, 
TOTES B, 


(..) As DC, - 

WW 188 Radius: f | 

So is Log. D A, 

To the Sine of the Angle D CA. By Axiome 2. 

And AG and AB together, are equal to G B; and therefore, 
the Angle at B, may be found in the ſame manner. 


, OPERATION. — 
The Sum of the Sides C D and C B, is 1497 
Their Difference is 233 

The Baſe B D is - | 1270 
| | de thus prepared, f, ** 
81 ks te og of theBaſe DB, 120 2.102804 
_ ls to the Log. of the Sum of C D and C B, 1497 3.175222 
Go So in the Log. of the Difference of C D and CB, 233 12.367356 
20 5-542578 
49 To the Log, of the Segment DG 274-65 2.438774 


SE 2 N Sub- 
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98 Wa 7» e eee 


. 


1 * Sable“ PD Ghz, dom u mhals;Baſe P Bü 1270 che 
IX Robins" will 1 B 99905 3 the half * 497-675, is 


] RN a} Prin T sch vd ho Ma e halt: Ly 


* 


IJIN ; 8 F 8 They 4d 7 . f- | 75 f . N 4 * 
e Logar ef S 86% 22222215 


I co the Radius, Sine 90 Deg, bus Sal th 
Zo is the Log. of A D, 772.32 | » 23897223 
N 19 the Sine en, — 5.958 
. "Whoſe Complement t 6 585 4 De 1 IF 77 1 * for 0 f An- 


* ele CD an 


In the ſame manner; may ot B be found, by, firſt, 

Anding the e A C B, Which bu will find to be 51.95 

Whoſe mplement to 90 52 Dax 995 hg 1 Quan- 
1 at B. 


1 
i 1 * 
The End of the Ewe Cofes of Oblique-angled Plain Triangles. 
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A 
[BC:R::AB: 5C 


R: BC: : 5 C:AB 


Ca/e I. 


BL 
| 5B:AC::R:BC 


N © 
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B * A 
BC: R: AC: 5B 


1B — 
AB: K: Ac: tB 
SB: Ac: : R: BC 


tB: AC:: R. AB 
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„ WO 8EGQYFION: It 

Of Spherical Triangles. 
. HAP. L 
Definitions and Theorems, neceſſary to the right under- 


ſtanding of * Doctrine f the Dimenſion of Spheri- 
cal Triangles. | e 


A Spherical Triangle (as well as a Plain, or Right-lined Tri- 
angle) conſiſteth of Six Parts; namely, of "Three Sides, 
and as many Angles : The Affecbions whereof ſhall be demonſtra- 
ted from theſe Twenty Theorems following. * 


I. The Three Sides of every Spherical Triangle are the Arches of 
Three Great Circles of the Sphere, every one of them being leſs - 
than a Semicircle, or ronſſſting of fewer Degrees than 180, 

which is the Meaſure of a Semicircle By the 9th of Sect. II. 


II. 4 Great Circle of the Sphere, 7s ſuch a Circle as divideth the | 
tohole Sphere, or Globe, into [wo » Parts or Hemiſpheres 
and ſo is in all Parts diftant from the Poles thereof, by a Qua- 
drant or go Deg. of the Great Circle. "x 


III. If one Great Circle of the Sphere, do paſs by the Poles of ano. 
ther Great Circle, hoſe To Great Circles do interſelt, or cut, 
each other at Right Angles ; And the contrary. + 


Thus, Let A EC be a Great Grcle of the Sphere; (and let it Eg. XIII. 

repreſent the Horizon of any Place) whoſe Poles let be B and D, SN! 

(the Zenith and Nadir of the ſame Place, equi-diftant from the 

Horizon AE C 9o Deg.) by which Poles B. and D, let another 

Great Circle pals; namely, B E D, one of the Co/ures (or any 

Azimuth, or Vertical Circle ). 8 1 fay, that the Great _—_ 
6 . 5 4 
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„„ Janus Mathematica. POET”? 
B E D, cutteth the Great Circle AE C. at Right Angles in the 


Points E and F. For if upon the Pole E or F anotber Great Circle 


A BCD be deſeribed, it is manifeſt, that A B, BC, C D, and 


D A, ſhall be the Megſures of the Augles at E and E: (by the 4th 


of Seck. II.) But the Arches A B, BC, C D, and D A, are Qua- 
ants (by. the 3d here f) and therefore, the Angles at E and F, 


are Right Angles (by the 13th of, Sed. II.) Which was to be de- 


monſtrated. * 


IV. Fhe Meaſure of 2Spherical Angle, Is the Arch of a Great Cir- 
cle, deſcribed upon the Angular Point; and intercepted betmeen 

_ the TwoSides, they being continued out till they be Quadrants : 
- | | 


- (by the Eirft bereof.) . 


So, In the Spherical Triangle A B C, the Meaſure of the Spheri- 
cal Angle at A, is not the Ach B C, but the Arch E intercepted be- 
tween the Two Sides AB and A C, continued till they be Qradrants; 
that is, to the Points E and Þ becauſe the Arch B C is not deſcribed 
upon the angular Point A, but the Arch E N is; (by the 1ft hereof) 
and therefore, the Arch BC, cannot be the Meaſure of the Angle 
B AC, (by the 4th of Se. I.) . ; 


V. The Sides of a Spherical Triangle, being continued till they meet 
zogether, do mate Two Semicircles, and at their Interſefion, do 
comprehend an Angle, Equal and Oppoſite zo the Firſt Angle. 


Thus, In the Triangle: A B C, the Sides A B and AC, of the 
Angle B AC, being continued to D, do make the Semicircles 


AB D and AC D, which do comprehend the Ang/z B D C, 


equal to the Ang/e B A C, becauſe the ſame Arch G H (being 


- diftant from A and D 90 Deg.) meaſureth both thoſe Angles, 


(&y the 4th hereof. ) 


VLE very Spherical Triangle, bath from every Angle thereof. ano- 


ther Triangle oppoſite thereunto, whoſe Bale, and Angle oppoſite 
to the Bale, are the ſame ; and the other Parts of that Triangle, 
are the Complements of the Parts of the other Triangle. 


Thus, the Triangle AB C, hath another Triangle B D C, oppo- 


ſite hereunto; whoſe Baſe B C, and Angle BDC, oppoſite there. 


unto, are the ſame, (by the 5th bereof.) And the Sides B D and 


CD, ate the Complements of the Sides A B and AC, to a Semi. 


i eirele 


. 
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cirde: And the Angles D B C, and DC B, are the Complements Fig. XV. 
of the Angler AB C, and A C B, to Two Right Angles, or 180 
| Deg, (by the 18thof Se. Il.) © | Vere 


VII. The Sides of a Spherical Triangle may be changed into 
and the contrary, the Complement of the Greateft Side, or 
Greateſt Angle, to a Semicircle, being taten for the Greateſt 
Side, or Greateſt Angle. | 


Thus (in the Figure of Theorem IV. hereof) the Spherical Tri- Fig. XIV. 
angle A B C, obtuſe-angled at B: Let D E be the Meaſure of the 
Angle at A, and let F & be the Meaſure of the Acute Angle at B, 
(being the Complement of- the Obtuſe Angle at B, the Greateſt An- 
gle fin 9 Triangle: And let H I be the Meaſure of the Angle 
at C: OW, 


=— . 


MA a. „ c 


C 


"A. £4 32 


r Ob L E) are Quadrants, and (L D 
LM is equal to 4 FG > becauſe LG and IFM their common <L F 
KM HI K I CMH) Complementis CK H. 


Therefore, the Sides of the Triangle K L M are equal to the Ax. 
gles of the Triangle A B C taking for the Greateſ Angle ABC, 
the Complement thereof F B G. e 

a It may alſo be demonſtrated, That the Sides of the Triangle 
4 AB C are equal to the Arg/es of the Triangle K LM: (by 
the Converſe of the former.) For, the Side he 


— a. 


8 0 


A OP 'M I K * * ; | * 4 
. : the Meaſure which is the Complement of 
ac 848. 182505458 the Obtuſe Ange MKL. $— 


| AD CI 0 cep * 
MN, A are Quadrants, and their 
| 2 or that 55 To Jong common Complement is 8 ; 


Therefore, The Sides may be turned into Angles, and the contrary, 

IWhich was to be demonſtrated. - x 
VIII. 4 Right-angled Spherical Triangle þath One Right Angle, 
or more than One. 


IX. Suppoſe the Angler at A and D, vis. BA Cand BDC, to Eg. XV. 
be Right Angles. Then, pod Ry 


+ BAC). One Right Angle, and Two Acute, Two Ob- 
1. The Triangle 4B D C hath 4 tuſe Angles, and One Right One Obtuſe, 
(CDE) and Two Acute. 3 


X. 4 


» : v * 2 a = 5 — w 
þ. 4 2 - a 
- 
- 
* * 
p . 
. th. a 


" =. 


Jana Mathematica. 5 


Fig. XV. X. A Right. angled Spherical Triangle, bath, from the 80 he Anz 
N BIS Z Right Triangle oppoſite thereunto, with Tio Ob- 
teuſe Angles, & contra. OD Wy: ts 


As inthe Triangles BA C, and BDC. 


XI. The Sides of « Right-angled Spherical Triangle, with Tug 
Acute Angles, are either of them leſs than Quadrants. as 


As the Sides of the Triangle B A C, are all of them, leſs than 
_ © Quadrants. | 6 e . bf > 
=. XII. The Two Sides of « Right-angled Spherical Triangle, wirh 

b Two Obtuſe Angles, are greater than Quadrants; and the third 
. | | Side, is leſs than a Quadrant. ; 


As in the Triangle BC D, Obruſe-angled at Band C; the Sides 
D B and DC are greater than Quadrants; and the Side B C leſſer. 


XIII. 4 Right- angled Spherical Triangle, with Two Acute Angles, 
bath ( from the Acute Angle) oppoſite to it, a Right-angled 
Spherical Triangle, wizh One Acute, and One Obtuſe, Angle. 


As in the Right-angled Spherical Triangle E D F, having the 42. 
gles at E and F Acute, is oppoſite to the Right. angled Triangle 
D E, with the Acate Angle ECD, and the Obtaſe C E D. 


XIV. The Sides /ubtending the Right Angles of « Spherical Tri- 
angle, having divers Right Angles, are Quadrants. 


As in the Triangle A GH, If the Two Greet Circles A G and 

A H, do cut the Great Circle G H at Right Angles in the Points G 
and H; then A is the Pole of the Great Circle & H ( by the third 

. © hereof) and AG and A H are Quadrants (by the ſecond bereof. ) 
But if the Ang/e at A be alſo a Right Angle, then GH is alſo a 
Quadrant, (by the 13th of Se. II. and by the 4th bereof.) * © 


XV. A Spherical Triangle, having divers Right Angles, hath ei. 
* ther Two or Three Right Angles; - and ſo of the Sides, it hath 
Two or Three of them Quadrants. 


© As if the Angle at A be put for a Right Angle, the Spherical 
Triangle A G H ſhall have the Three Right Anglesat A, G and Ly 


* 


f 


18 
* 
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" Of Spherical Triangles, 


Ind therefore the Three Sides. A G, A H and H G. ſhall be 


9yadrants. ---But, If you put the Angle at A for an Acute Angle, 


at G and H; and thereupon the Two oppoſite Sides, A G and 
A H,. Quadrant. | by, | 


* 


* 9 


* 


Fe. XV. 


then the Spherical Triangle A H ſhall have Two Right Angles 


XVI. If the third Angle / a Sphericg] Triangle, having TwoRight 


es, be Acute; the third Side is leſs than a Quadrant 


£ but if 
Obruſe, then it is greater than a Quadrant. 1 


Is in the Spherical Triangle G H 1, Acute-angled at G, the 


Wird Side H I is 4% than a Quadrant. —. But in the Spherical 
Triangle AGI, Obtaſe-angled at G, the third Side A J is more 


than a Quadrant. 


XVII. Ar Oblique Spherical Triangle, con/ifterh ſimply of Acute or | 


Obtuſe Angles, or of both of them. | 


XVIII. 4 Spherical Triangle, with Two Obtuſe Angles; and One 


Acute Angle; z oppoſite to 4 Spherical Triaggle, imply Acure- 
angled, cos. : 80 
As if the Angles at A and D, be ſuppoſed Acute; then the Tri- 

angle B C D, wüh Twa Ohruſe Angles at B and C, and One Acute 

Angle at D, is oppoſite to the ſimple Acute- angled Triangle ABC. 

XIX. 4 Spherical Triangle, with Teo Acute Angles, and One 
Obtuſe; z oppoſite to a Spherical. Triangle, /imply. Obtuſe-an. 

gled, & contra. . , Fn 5 

As if the Ang/es at A and D, be ſuppoſed Obtſæe; then the T77- 
angle A B C, with Two Acute Ang/es at B and C, and One Obtuſę 
=: at A, is oppoſite to the limply -Obruſe-angled Triangle 


XX. The Three Angles A every Spherical Triangle, are greater 
than Two Right Angles. 4 2 5 ; 


This is evident in Spherical Triangles, having more Right, or 


Obtruſe Angles, than One: But in Acute angled Triangles, it may: 


be thys Demonſtrated. 
4 | e e 


2 
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LR DEMONSTRATION. | 
. XVI. In the Right-angled Spherical Triangle A B C, Right-angled 
| at C, and Acute-angled at A and B. o 


The Megſure of F BAC | ra” E F 
ö . AB Cor B D E 5 the arb J f 1 p 
( by the fourth hereof.) But the Arches E F and E D together, 
are equal to a Quadrant; therefore the Arches F E and H I, ad- 
- ded together, are more than a. Quadrant; and, conſequently, the 
- AMnegles anſwering to thoſe Arches, namely, the Ang/es B AC and 
ABC together, are more than a Quadrant. But the Angle AC B 
is a Right Angle, by the Propoſition : Therefore, in the Spherical 
pe Triangle A B C, conſiſting of Two Acute Angles, the Three An- 
Lles together are greater than Two Right Angles. 1 
* — 2 Again, In the Acute angled Triangle K L M 


8 | KLM ; (NO 
The Megſure of the Acute Angle MK Lois the Arch V X 
LMX a £ 4.1 bh 
But theſe Three Arches N O, VX, and R Q together, are 
more than Two Quadrant For PQ, and P V, (being the Com- 
plements of the Two Arches, Q R and VX) added together, 
are 7eſs than. the Arch, N O, by the Propoſition + Therefore 
the Arch N O, being the Meaſure of the third Angle, is more 
than the Complements of the other Two Angles added together; 


and conſequemly, the third Angle is greater than the Comple- t 

ments of the other Two Angles. And therefore, In Acute. an- 1 

gled Spherical Triangles, the Three Angles are greater than a 

Tas Right Angles. Which was to be demonſtrated. | 

" 5 4 , "es | 17 C 

— | n . 

Such Aﬀetions of Great Circles of the Sphere, as relate to the t 

| | Solution of Spherical Triangles. * c 

— - | E 

I, A Great Circle of the Sphere, Is ſuch a Circle, as divideth the ly 

3 whole Body of the Globe or Sphere, into Two Equal E 
arts. | | . 


7 e . 


Of Spherical Triangles. | 
2. A Spherical Triangle is that part of the Swperficies of the 
Globe, as lyes between the Arches of Three Great Circles of the 


Sphere interſecting one another. 2þ 
3. A Spheric Angle is the ſame with the mutual Aperture or 


Inclination of the Plains of ſuch Two Great Circles which confti- 


tute the Angle. 5 |; 48 

4. When one Hircle falls upon another Circle, or when the 
Arches of Two Great Circles interſe& each other, the Sum of 
the Angles made thereby is equal to Two Right Angles: And the 
Vertical Angles made thereby are mutually Equal. a 

5. In all Spherical Triangles, the Greater Angle is always op- 
pos'd to the Greater S:de. 

6. An I/oſceles Triangle, hath its Two Angles at the Baſe mutual- 
ly Equal, and, on the contrary, if a Triangle hath Two Angles 
Eau? it hath Two Sides allo Equal. 

3 Two Triangles mutually Egqui lateral, are alſo Eguiangular 
one to the other. — | | 

8. It there be Two Triangles, and in each one Angle, and the 
Two Sides including it, reſpectively equal: Or, if One Side, and 
the Two Angles adjacent, be ſeverally equal, then are thoſe Two 
Triangles equal. 


9. An Arch of a Great Circle, is the ſhorteſt Diſtance between 


Two Points on the Surface of a Globe: And fo, any Two Sides 

on as Spherical Triangle taken together, are Greater than the 
ird. . 

10. All Great Circles cut each other into Two equal Parts; for 


their common Seclion is a Diameter of the Sphere, and conſequent- - 


ly the Two Sechions of the Peripheries of Two Great Circles are 
at a Semicircle's Diſtance. Hence it follows, That 

- 11. Every Side of a Spherical Triangle, is leſs than a Semicir- 
cle. So D B is leſs than the Semicircle D B Cor DAC. 

12. The oppolite Angles at the Seſlione of Two Circles, are 
Equal; as the Angle at D, is equal to that at C; for the ſame 
Plains conſtitute both Angles. | 

13. In any Spherical Triangle, if the Sum of the Legs con- 
taining an Angle be Greater, Equal to, or Leſſer than a Semicir- 
cle, the internal Angle at the Baſe, is (accordingly) Greater, 


Equal to, or Leſſer than the outward oppoſite z and conſequent-. 


* 


E. 


X 


ly, the Sum of the Two internal Angles at the Baſe, are Greater, 


Equal to, or Leſſer than Two Right Angles. 
[ D E- 


F 


g. 
VIII. 


4 
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If DB and B A together be Greater, Equal or Leſſer than 
DC, then B A is Greater, Equal to, or Leſſer than B Cy and there- 


fore the Angles at C and D are Greater, 5 7 or Leſſer than the 


Angle BA C; and the Angles B D A and D A B, Greater, Equal 
to, or Leſſer than the Angles B A C and D A B, equal to Two 


Right Angles. 
yer? wal COROLLARY. 


In an I/o/cheles Triangle, if one of the Equal Legs be Greater, 
Equal to, or Leſſer than a Quadrant, the Angle at the Baſe is 
Greater, Equal to, or Leſſer than a Right Angle. EY 
14. The Sum of the ee Sides of a Triangle is leſs than a 
Whole Circle, or 360 Deg. For B A is Leſs than BCand AC. 
Therefore D B, D A and B A together, are Leſſer than DBC 


and DA C. 


15. If from the Point of an Angle, as a Pole, you deſcribe a 


Great Circle, or, if you deſcribe a Circle at 90 Deg: on the an- 


— 
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gular Point, the Ark of that Circle ſo deſcribed, which is inter- 
cepted between the Legs of the Angle, is the Meaſure of that 
Angle. e 

| — The Poles of rhe Sides of any Triangle G H D, conſtitute 
another Triangle n & m, which we may call Supplemental to the 
Triangle G H D, for the Supplements of the Angles and Sides of 
the Triangle n x m are equal to the Sides and Angles of the Tri- 


angle G H D. * 
> DEMONSTRATION. 


From the Points G, H, D, as Poles, deſcribe Three Great Cir- 
cles, x AY, RT An, BN Z; then is Y m equal to a Qua- 
drant, and 2qual to A x, becauſe is the Pole of HG Y, and x 
or E, the Pole of G A; therefore x, equal to A Y, equal to 


the Supplement of C A, equal to the Azg/e HG D; and the 


Quadrant Z 7, equal to B X; therefore 1 x, equal to B Z. 
equal to the Supplement of the Age HD G, and 2 T. equal to 


A Quadrant, equal to 1 R; therefore ꝝ m, equal to T R, equal to 


the Supplement of the Auge D H G. e | 
Now that the Tyiangle n En, conſtituted between the Three 
next Poſes, hath its Three Sides and Angles, equal to the Aueles 


and Sides of the Triangle G HD, ſave that the Greateſt Side 


a 7 is the — _ of the Greateſt Age H, and the Ange E, 
of the Side G — , 17. Any 


Of Spherical Triangles. - 
17. Any Angle of a Triangle, with the Difference of the other 
Two, is Leſſer than Two Right Angles: For x A is Leſſer than 


than Two Right Angles, wanting G, and Two Right Angles, wan- 
ting H. Therefore, G and H wanting D, is leſs than Two Right 
Angles. „ | 3 ET 
18 If Two Triangles are mutually Equi angular, they are alſo 
mutually Eguilateral; for, becauſe hey are Egulangular, their 
Supplemental Triangles are Equilateral (by the 16th) and there 


angles are 8 (by the 16th.) - 
19. The Three Angles of every Spherical Triangle, are Greater 
than Two Right Angles, and Leſſer than Six Right Angles, For, 


(by the 14th.) that is, Six Right Angles, WR and G, and 
H, leſſer than Four Right Angle: That is, Two Right Angles are 
leſſer than D, and G, and H. Alſo, the Sum of the Internal angles 


gether, for both of them make but Six Right Angles. 

20. Of ſeveral Arches of Great Circles falling from the ſame 
Point of the Spheres Surface, on another Circle, the Greateſt is 
that which paſſeth through the Pole of the Circle; and the next 


W to this, is Greater than that which is farther off. For ſuppoſe P Eg. XX. 


the Pole of the Circle C D, and w the Pole of DP C; then is 
AD Greater than A B, A B Greater than A E, A E Greater 

than AC: And the 474 B w C Greater than the Ark BP, and 

BP Greater than B D. 3 8 

21. A Great Circle paſſing through the Poles of another Great 

Circle, cuts it at Right Angles; And on the contrary, If it cut it at 

Right Angles, it paſſeth through its Poles: The Angle E is 


to v A C. | | 

22. In an Obligue- angled Triangle, if the Angles at the Baſe 
are /tke, or of the ſame Kinds; that is, both Acute, or both 0b- 
tuſe, the Perpendicular falls Mithin the Triangle, and the Qua- 
drantal Arch without. But if they be unlike, the Perpendicular 


For the Triangle A E F hath the Ang/es at Eand F Acutẽ, and the 


Perpendicular A C falls Within, and the Quadrantal Arch A u 
Without .. Alſo, the Triangle B AG hath the Ang/es at B and G, 


Arch 


x m and 1m, that is, Two Kight Angles, wanting D, is Leſſer 


fore Equiangu/ar (by the 91b). And therefore the propoſed Tri. 


7 x and x m and u together, are Leſſer than Four Right Angles, 


equal to a Right Angle, equal to PG D, equal to PD B, equal 


falls Without ;, and the Quadrantal Arch Within the Triangle. 


59 
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is leſs than the Sum of the Internal and External Angles taken to- 


286 


Obtuſe, and the Perpendicular c D Within, and the Quadrantal 


cc * 


ä 


m. N Arch A w Without, But the Triangle B A E hath the Angler at 
Band E of different Kinds; and the Perpendicular A C falls 
Without, and the Quadrental Arch A w Within, the Triangle. 


nn — — 


—— — 
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CHAP. III. 


— 


f the Menſuratior, or Solution, of Right angled 


| _. © Spherical Triangles. © 

N a Right-angled Spherical | Triangle, there are (befides the 
I Right Angle) Lide other Parts; whereof thoſe Three 
which are more remote from the Right Angle, the Lord 


Nepeir 8 into their Comp/ements: ——As in this Trian- 


gle A BC, Right-angled at A; For the Three Remote Parts, 
to wit, the Ang/es B and C, and the Side C B, he takes their 


© Complements : Theſe Three Complements,with the Sides C A and 


B A, do make Eve Parts: Which, by an artificial Term, he calls 
. CIRCULAR. bY 


„Side A B, 
Side A C, | 


VM, The I Complement of the Angle at B. 


Complement of the Angle at CC | 
Complement of the Side B C. = 


But the Right Angle at A is ſet afide from being any of the 
\ Circular Points. & 


4 > ix - II. In the Solution of a Right-ang/ed Spherical Triengles. there 


are always Two other Parts, or 12rms, given (beſides the Right 
Angle) to find out a Fourth. * 


III. Theſe Three Terms (namely, the Two that are Given, and 


the Third which is Reguired) muſt be firſt looked upon ac- 
cording to their Grcular Parts. 2 | 


IV. Of which, One is named the Middle ( or Mean) Part, the 


other Iwo are called the Extream Parts, borrowing their Ap- 


pellation from the Scituation of the Terms themſelves : For, 


of Three Terms, One muſt (of neceſſity) be in the Middle, | 
and the other Two in the £xtreams : Therefore the Crreular © 
. Part 


Plate V. From Zane 5t, to Page 60 


* 
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Part of the Middle Term, is called the Middle Part, and the Fig. XXI. 


Greular © Parts of the Extream Terms are called the Bxtream 
Parts. ; 


V. But the Extream Paris may be twofold, either Conjuni?, or 
Dzsjuntt:. For thoſe Three Terms (befides the Right Angle) do 
come in queſtion, according as the Two Extreams are from ei- 
ther Part immediately joined to a third Mean, or are diſ-jorned 
from the ſame, by a Side or Angle interpoſed on both Sides : 
So are their Czrcular Parts —. Extreams” Conjuntt, or Ex- 
treams Disjuntt. | | 


VI. But of thoſe Three Terms which may fall in queſtion, we 
will ſubject all their Varieties in their Crcular Parts, accor- 
ding as every one of them ought (in reſpect of each other) to 
be called, The Midale Part; and which, The Extreams Con- 
jour 45 Dicjunct, as in this following Synop/es is fully demon · 

at * | 

_ * The Anatyſis or Synopſis. > 


Middle Part. | Extreams Conjuntt. | Extreams Disjund. 


Side AB Side A C and Comp. B | Com. B Cand Com. C 
Side AC Side AB and Comp. C | Com. B Cand Com. B 
Compl. B | Side AB and Comp. BC | Side A Cand Com. C 


If the 


Compl. C Side AC and Comp.BC | Side AB and Com. B 
Compl. B C | Comp. B and Comp. C] Side AB & Side AC. 


Which Synop/rs is thus to be Read and Co Example 
of the Firſt Line. If the Side A B be the Middle Part, then is 
the Side A C, and Comp. of the Angle B, the Extreams Conjunct. 
And the Comp. of the Side B C, and Comp. of the Angle C, the 
Extreams Drsjunt?, And ſo of all the reſt. n 

And here it is to be noted, That the Sides A B and A C, are 

Suppoſed to be joined together, (as one entire Part, becauſe the 

Right Angle 47 A, is not reckoned among ſt the Circular Parts. 


VII. Therefore, In the Reſolution of a Right-angled Spherical Tri- 
angle, to know the Mean, and Extream Parts, you muſt ob- 
. ſerve, Thar 
1. if Oe of the Three Terms (which, beſides the Right An. 
g/e, come in queſtion) doth ſtand alone by it /e/f, ſevered ow 
| | t 


2 
- 
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=. Fe XXI, the other Two on both Sides; (as the Side B C, from the Sides 
CA and B A, by the Angles B and C interpoſed) that ſhall be 
the Middle Term, and fo its Circular Part ſhall be called the 
Middle Part; and the other Io Circular Parts are the Ex- 
tream: Disjuntt, But, he Ae) 
2. If the Three Terms do immediately adhere together, the 
Middle Term doth eaſily ſhew the Midule Part, and the Ex- 
tream Terms, the Extream Parts Conjuntt. 


Theſe Things being all rightly underſtood, the whole Tri. 
gonometry of Sphericals will be abſolved by this One Pro- 
_ which therefore we will call Carho/ick or Uni. 


Propoſition Univerſal. | 
"The Sine of the Middle Part and the Radius, are Recipro- 
cally Proportional, with the Tangents of the Extream 


Parts Conjunct; and with the Co- ſines (or Sines Com- 
plement i) of the Extreams Disjunct. That is, © | 


As the Radius, * 

To the Tangent of one of the Extreams Conjundt; 

So is the Tangent of the other Extream Conjunct, 
To the Sine of the Middle Part: & contra. 


| Then alſo, 
As the Radius, e 
© o the Co. ſine of one of the Extreams Disjundt; 
So is the (o. ſine of the other Extream Di cjundl, 
To the Sine of the Middle Part : & contra. 


COROLLARY 


I. If the Middle Part be Sought, the Radius ſhall be in the Fir. 
Place of the Proportion: But if one of the Extream Parts be 
Sought, then the other Extream ſhall be in the E:rſt Place, Of, 
the Second and Third Places, it mattereth nothing how they 
be diſpoſed. | | 


IL If 


II. If the Extreams (in any Proportion) be | 

alle Part, the Proportion will be performed by Sines only: But 
if the Extreams be Conjuntt to the Middle Part, it muſt be per- 
formed by Sines and Iangentis jointly. 1 
The Demonſtration of the Univerſal Propoſition is obvious 

enough: For, where the Extream Paris are Disjuni, the Propor- 


of "Spherical Trigngh Z er | ' 
: from the Mid. Fig 04s em 


tions differ nothing from the common ones: And in the Ex- . . 


treums Conjuntt, where it is commonly ſaid, 
| As Radi us, to the Tangent, 
We here ſay, 
As the Co- Tangent, to the Radize. 


And likewiſe Inverfly and Cortrarily; which is plainly the fame 
thing: Becauſe, 


Ihe Radius 7 4 Mean Proportional, between the Tangent of 
an Arch, and the Tangent Complement of the ſame Arch. 


Note, That when a Complement in any Proportion doth chance to 
cohcur with a Complement in the Circular Parts, you muſt then 
(always) take the Size it ſelf, or the Tangent it ſelf; inſtead 
of the C. ine, or Co Tangent, in the Circular Parts: Becauſe 
the C. ſine of the Co. ſine, is the Sine it ſelf, and the Cotangent 
of the Co. tangent, is the Tangent it ſelf, 

As is the Sixth Caſe following; where C B and C A are given, 
and the Angle at B is required: Here C A is the Middle Part, 
and C B, and B, are the Extreams Disjundt: Wherefore (by the 
fecond Part of the foregoing Corollary) the 23 will be per- 
formed by Sines only.——And (by this laſt) becauſe the Ito 
Extreams, CB, and B, fall 2 Complements in the Circular 
Parts; therefore, inſtead of C/, B C, and Co. ſine B, you 
muſt fay Sine B C, and Since B. | 


Theſe Things premiſed, we will exemplifie in the Solution of 
Night. angled Spherical Triangles in all the Caſes thereof. 


C HAP. 
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The Analogies, or Proportions, for the Solution of the ſcve- 
ral Caſes of Right-angled Spherical Triangles, by the 
Univerſal Propoſition. 


Eg. XXI. O R the Performance hereof, I ſhall make uſe of this Right. 
gram angled Spherical Triangle A B C, Right-angled at A, the 
'Y. Quantities of whoſe Sides and Angles are adfixed to their re- 

f ive Circular Parts in the Diagram noted with B, in Fig. XXI. 

ind alſo in this Table, both in Sexagenary Degrees and Minutes; 

and in Decimal Parts alſo. | 


| 


Cent. 


B C — [66 30| 66.50 
CA— 51 30 51.50 
BA—|j50 10| 50.16 

<B—— | 58 35 58.58 
| <C—— | 56 52 56.85 


And in every Caſe I ſhall diſtinguiſh the Two Given Terms, 

hides the Right 1. which is, always the third) by we Bile 
the Sides or Angles Groen, by a ſhortStroak, (1), and the Term 
Regurred, I ſhall mark with (o.) All which are to be ſeen in 
Figure XXI. | | | 


The XVI Caſes of Right-angled Spherical Triangle, Reſolved 1 
The Hyporenuſe B C, and the Angle at C, given; To find 


L CASE I. The Oppoſite Side A B, the Middle Part. 
e J. 


As Radius 90 Deg. : o 0000000 
To Sine C, 56 Deg. 52 Min. | 9.9229334 
So Sine BC, 66 Deg. 30 Min. 9.9623 978 
To Sine BA, 50 Deg. 10 Min. ä 19.88533 12 


CASE 
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CASE IL The Side Adjacent A C, Extream Conjunct. Eg. XXI. 
As Co-tangent B C. 23 Deg. 30 Min. | _ 9.6383019 gfe 
To Radius, 90 Deg, * T2 608 
So Co-line C 33 Deg, $ Min. ZR _ 19,7376611 
To Tangent CA, 51 Deg. 30 Min. _— 100993592 
-CASE, Ill. The orber Angle B, Extream Conjun&. -Caſe Ill 
As Co-Tangent C, 33 Deg. 8 Min. | 28147277 
To, Radius, 90 Deg. ee LET £ 
50 Coſine B C, 23 Deg. 30 Mia. 19.6006997 | 
To Co-Tangent B, 31 Deg, 25 Min. 9.7859720 


The Hypotenuſe B C, and Side AC, given, to find 
CA S E IV. The Oppoſite Angle 4 at B. Ex. Disj. Ciſe IV. 


As Sine B C. 66 Deg, 30 Min. | 9.96239078 
To Radius, 90 Deg. | d 
So Sine CA, 51 Deg. 30 Min. 159.8935444 
"To Sine B, 58 Deg. 35 Min. —4 9.9311466 
: CASE V. The Adjacent Angle C, Middle Patt. Cie v. 
Radius, 90 Des. r 
= ToTangent C A, 51 Deg. 30 Min. 1340993948 
So Co- tangent B C, 23 Deg. 30 Min. — 8383019 
To Co-fine C, 33 Deg. 8 Min. 29. 7376967 
CASE VI. The other Side A B, Extream Disjundt. Caſe VI. 
As Co- Sine C A, 38 Deg. 30 Min. 9. 7941496 | 
To Radius, 90 Deg. | N | IO. 
So Co ſine BC, 23 3o Min. 189.6006997 
To Co ſine B A 39 Deg. 50 Min. 9.806 5501 


K | The 
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23 a end the Angle en "Oi Given, 


Caſe vll. CASE VI. The other Side B A, Middle Part. 
As Radius, go Deg. - | Ai. 
To Tangent C A, 51 Deg. ook | *  10.0993948 
So Co- Tangent B, 31 Deg. 25 Min 1 
To Sine B A, 50 Deg. 10 Min. 249.8852952 
caſe vill. CASE VII. The other Angle at C, Extream Digjund. 
As Co- ine C A, 38 Deg. 30 Min. | - 9:794 1496 
To Radius, go Deg. | . 
- So Co-line B, 31 Deg. 25 Min. 129.2170526 
2 To Sine C, 56 Deg. 52 Min. 9.229030 
N ce TX, CASE IX. The Hypotenuſe B C, Extream DisjunBt. 
As Sine B, 58 Deg. 35 Min. | 9.9311522 
To Radius, 90 Deg. 10. 
So Sine CA, 51 Deg. 30 Min. _19.8935444 
To Sine B C, 66 Deg. 30 Min. 9.9623922 


caſe X. CAS E X. The other Side A B, Extream Conjundt 


As Co. tangent C, 33 Deg. 8 Min. 9.8147277 

To Radius, 9o Deg. 8 Min. 10. E” 

So Sine CA, 51 Deg, 30 Min. 19.893444 

| | 3 Tangent BA, 50 Deg. 10 Minn. 10,0785 167 

= CaſeXl, CASE NI. The other Angle B: Middle Part. 
: As Radius, 90 Deg: | T0, 

To Sine C, 5 . 52 Min. | 9.9229334 

So Co-line Ca”, zo Min. 22240425 


To Co- ſine B, x Deg. 25 Min. 79.7 170830 


CASE 


Tbe Side C A, and the Angle C, adjacent thereto, given; To find A 


dy * 

* +5 

4 Pe 1 

50 we 
. 
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CASE XII. The Hyporenuſe B C, Extream Conjundt. EXIL. 


As Tangent C A, 51 Deg. 30 Min. 100222548 e XII. 
To Radius, 90 Deg. 10. 
So Co-ſine C, 33 Deg. 8 Min. N | _19-7376611 
To Co-tangent B C, 23 Deg. 20 Min. 8.6382663 
The Two Sides, ACand AB, avon; To find 
CASE XII. Either Angle, as C: Extream Conjundt. Got 
As Tangent B A, 50 Deg. 10 Min. 100787534 
To Radius, 90 Deg. hy | 10. 
So Sine CA 51 Deg, 30 Min. 228938444 
To Co- tangent C, 33 Deg. 8 Min. I "98147910 Nes 
CASE XIV. The Hy potenuſe C B: Middle Part. Coe 
\s Radius, er. « | . V. 
= To Co-fine A C, n Min. | | 577971496 
Co ſine BA, 58 50 M _ 9:8065575 


To Co-fine C B, 23 Deg, 30 Min © #9.6007071 


The Two Angles B and C, given; To find 
ASE XV, Either of the Sides, as AC: Extream Disjundt. cv. 


Sine C, 56 Deg. 52 Min. | . 0.92292 34. 
To Radius, 90 Deg. 10. 
So is Co-ſine B, 31 Deg. 25 Min. 19.7 70526 
To Co: ſine C A, 38 Deg. 30 Min. 97941192 


CASE XVI. The Hypotenuſe B C: Middle Fart. of 


as the Radius, 90 Deg. 10. X 


& To Co-tangent C, ng. 5.3 8 Min, 98147277 
So Co-tangent B, 31 Deg. 25 Min. | 9. 22878004 
To Co-fine BC, 23 Deg. 30 Min. 29.600628 1 


- 
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Note, Theſe are the Proportions anſwerable to the Univer/al 
Propoſition, yet may (many of them) be varied; ſo that 
the Radius may be brought into the firſt Place, and that by 


the latter part of the foregoing Coro/lary: Which ſays — 
Nadine is a Mean Proportional between the. Tangent of an 


Arch, and the Tangent Complement of the ſame Arch.” —80 
that (in the XIIIth CASE) where it is faid, 
As the Tangent B A, Is to Radias: 

| So is Sine CA, To Cotangent C. 
e 11 is all oe, as if you ſhould-fay; -* 
; As Radius, 90 Deg. 1330 
I .0v the C. tangent B A, 39 Deg. 50 Min. 9.922248 
© + So the Sine of CA, 51 Deg. 30 Mn. 98935444 


I To the Co-tantent of C, 33 Deg. 3 Min. x9.5157910 


The like Courſe may be taken in the'Second, Third, Tenth 


and ' Twelfth CASES. a 
And thus you have the whole Dot7rine of the Dimenſion of 


Right-angled Spherical Triangles, performed by Help of this one 
Catholick Propoſition. wa ef, ie OR 


- 
__ 
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Some Prænotions concerning Oblique-angled Sph clieal 
=.” "Triangles, in order to the Solution of them. © 


1 N 0blique-angled Spherical Triangles there are XII Caſes, Ten 

of which may be reſolved by the Univerſal Propaſition; but 
then the Ohlique Triangle muſt be reduced into Two Right. an. 
gled Triangles by help of a eee let fall, ſometimes 
within, ſometimes without, the Triangle: And to know whether 
it fall wirhin or withour, the ſubſequent Rules are to be obſerved, 


RULE I. 4 the Angles at tbe Baſe of the Triangle be both of the 
ame Affedlion; that is, both Acute gr Obtuſe; the Perpendicu- 


lar. iet fall from the Vertical Angle ſhall fall within: But if of 
different Aﬀettions, without, . 
| As 
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52 Of Spherical Triangles. as 
A As in the Oblique-angled Triangle ABC, whoſe Angle at B 
and C are both ah \ 25 
the Triangle: For, it it fall not within, it muſt be the fame with 
one of the Sides, or elſe it muſt fall without the Triangle: If ir 
be the ſame with either of the Sides, then the 4ug/e at Bor C 
uſt be a Right Angle; which is contrary to the Propoſition: If it 
fall without the Triangle, as ſuppoſe at E, then the Angle A EB 
ſhall be a Right le: But the Angle AB E is Obtaſe, for it is 
the Complement of the Acute Angle AB C, and therefore the 
Side A E is greater than a Quadrant: And the Angle ACE be- 
ing Acute, A E hall be alſo leſs than a Quadrant : But, that 
the ſame: Side ſhould be both More and Lz/s than a Quadrant, 
is abſurd: And therefore, in this (/e, the Perpendicular ſhall 
fall within the Triangle. | 
But, In the Triangle AE B, Obtuſe- angled at B, and Acute at 
E, the Perpendicular A D (hall fall without the Triangle upon 


0 
the Side EB, contrived-: Or, it otherwiſe, it muſt be the ſame Gels 


with one of the Sides, or fall within the Triangle: It cannot 


the fame with either of the Sides, for then the Angle at B or EA 
ſhould be a Right Angle: And it cannot fall within the Triangle, 


becauſe then the Ang/es at B and E muſt either be both Obzu/e, 
or both Acute, as hath been already proved. If therefore the 
Angles at the Baſe be of different Afecłions, the Perpendicular thall 
fall without; as was to be proved. | 


ute, the Perpendicular A D ſhall fall within XXII. 


Eg. 
W 


However this Perpendicular falleth, it muſt be always oppoſite | 


to a known Angle; and for better Direct ion herein, take this Ge- 
neral Rule. | 6-37-3854 


RULE II. Ler hour Perpendicular fa!! from the End of a Side 
given, and adjacent to an Angle given. | 8 


As in this Triangle A B C, if there were given the Side A B, 
and the Angle at A; by the former, and this, Rule, the Perpen- 
dicular muſt fall from B upon the Side A C. | 
But if there were given the Side A C, and the Angle at A, the 
- Perpendicular muſt fall from C, upon the Side A B, continued 

to .—. And to know whether the Side upon which the Pexpen- 
dicular (hall fall, muſt be continued or not, is no more than to 
ask whether the Perpendicular muſt fall within or without the 
Triangle. But, if the former Directions be not ſufficient, the 
Calculation will determine it, For, 2s 


RULE 


% - 


2 L248 12 : p SY 5 8 
” SE * 1. 
- 
— 
9 
. 


- 
* 


* 4 
* 
9. 


17 Jau Mathematica. 5 
: 5 RULE III. If the Ark found at the firft Operation ( herber ir 


be of a Side or an e) be more than the Arch given; the 
| Perpendicular ſhall fall without; if leſs, within the Triangle. 
And this will plainly appear in the Solution of the fol- 
General: Rules to be obſerved in the Second Operation of the So. 
- J4ution of Oblique-angled Spherical Triangles, when they are 
reduced into Iwo Rightangled Triangles. | 
_  Aﬀer the firſt Operation, whereby either the Segments of the 
Baſe, or the Angle at the Cathetus, or Perpendicular, is found; a 
diligent Care being had to the Addition or Subſtraction of them: 
The fecond Operation will be performed by one of the Four fot- 
| lowing Rules. bs LR | | 
#2 RULE I. The Sines of the 2 of the Hy potenuſes, 
> * to theSinesof the Complement of the Baſes, are in dirett Pro- 
WH portion. So, | | 2. ; 
q Af cs BA: DA: : BCS DC. 
RULE I. The Sines of the Baſes, to the Tangents of the Angler 
⁊ t the Baſe, are in Reciprocal Proportion: So, 


2 


„EBA: DA: % 3: D:: 23 1D. 


XU LE III. The Sines of the Complement of the Angles at the 
Baſe, to the Sines of the Complement of the Angler at the 
Cathetus (or Perpendicular) are in direct Proportion: So, 


BCA: DCA: : 3: 43:6. 
RULE IV. The Tangents of 9 to the Sines of 
the Complement of the Ang/es at the Carherias (or Perpendi- 


. WY _ cular) are in Reciprocal Proportion: So, E 
cs BCA: cs DCA: :£crBUC: ct DC:: t DC: BC. 


: 1 


CHAP. 


| Of Spherical Triangles. * 
CHAP. V. 


The Solution of Obliepes angiedd Sphetical Teiangles: 
letting fall 4 P whereby the Oblique A. 
gle ix Reduced into- Two Right - angled. | 


CASE I. In the Obliqueangled Spherical Triangle A B C. there 

# given, the Tro Sides A B and B C, with the Angle C, oppo- 

ſite to BA; to find the Angle at B: If it be alſo known-whe- 

ther the enquired Ang/e be Acute or Obtaſe. 

N © Analogy. 5. 6 | 
ASs BA: sBC::sC;sA | } He 
For by the Univerſal Propoſition, 3 

(1.) As Rad.: AB:: A: 2B D. 
(2.) As Rad.: BC: 20:23 D. 
As AB: 2 BC :: 2 C: 5A 


'CASE II. TwoAngles, And C, and the Side B C. oppoſite to 
the Angle A, given; -To find the Side B A: If it be known 
whether the enquired Side be more or leſs than a Quadrant. 

ASs A:sC::sBC:sBA, hy 

CASE In. Ir the Oblique-angled Spherical Triangle A C D, 


there is given, the Two Sides AD and A C, with the Angle 
DAC, contained by them: Jo find the third Side D C. 


In this Caſe the Perpendicular may fall from the Extremity of Fig. 


either Side, but oppoſite to the Ang/e given. XXVL © 
| | Analogies. 
(2,) As ct. AC: Rad.: co. DAC: f. AB. 2 
And AD—AB=BD in Triangle I. | : 
But AD T AB = BD in Triangle II. 
ee 
(3.) As Ra. . BC: : c . BD: 65 DC. 


Bis. 
XXVL fis cs. AB: © 5 AC 
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| © Therefore, © 
11 C B D: 4. DC. 


CASE Iv. Tus Sides A C and D C,-with be Angle A D C, 

oppaſite to AC given; To find the third Side A D. | 
In this Caſe, Let the Perpendicular fall from the Concourſe of 

the given Sides, upon the Side enquired, continued, if need be. 
80 en ” "Analogies. ena 
r | 
(2) As cr. BD: cs CD: : Rad.: c. CB, 
(3. As cg. CB: Rad, : : cs AC; cs AB. 


Therefore, 


cs. CD: . BD: : c. AC: c AB. 


And, BD TAB = AD in the fiſt l 
And, BD—AB = AD in the ſecond T Triangle 


CASE V. Tuo Sides C A and D A, and their contained Angle 
CDA given; To find one of the other Angles. 


In this Caſe the Perpendicular may fall from the Extremity 
of either of the Sides, oppoſite to the Angle given. | 


Analogies. 


(1.) As AC: Rad.: : cs. DAC . AB © 
"Ad AD—AB=BDin thefirſt 2 %% 
And AD TAB = BD in the ſecond & Triangle. 
(2:)-Ascrn. CAD: . AE: Rad. : t. BC. 
As t. BC. Rad.: : 3. B D: ct ADC. 


1 Therefore, * 

As AB: ct. CAD: 2B D . AD C. 

CASE-VI Tuo Angles, A D C and CA D, and the Side AC, 

ö ate to one of them being given; To find the Side between 
Ihe 


m. If it be known whether the Side ſought, of the Side 
oppoſite to the other given Angle, be Acute or Obtuſe. 


In this Caſe, Let the perpendicular fall from the Extremity of 
the given Side, on the Side enquired, continued, if need de. 


2 


C. Bal: ics DAC: LAB 
CAD: . AB: Read: 7. 
8 Rad. : f. B C: : c. ADC: 


. Therefore, 


As ct. CAD: & AB: vcr. ADC: BD. 1 
And, ABS BDA D in the 1ſt 2 7e. 
But, D B --- AB. A D in the 2d 7 rac] 


CASE VII. Two Angles DACandADC, and the Side Pie. 
AC, oppoſite to one of them, (viz. D) being given; To find XVI. 

the other Angle at C. If it be known, whether the Ang/e en- caſe VII. 
quired, or the Side oppoſite to the other given Angle, be Acute © 


or Obryſe. 


og Caſe, Let the Perpendicular fall from the Angle en- 
quired. 

| Analogies. | | 
23 As ct. CAD: Rad.: : . AC: . AC B. 


3 As s. ABC: cs. CAB:: Rad. : cs. BC. 
3.) As cs. BC: Rad.: : cs. BDC: . BCD. 


Therefore, 
As c s. GAR 4 :: cs. BDC: s. BCD. 


ACB 
And, A CBTBC DAC inthe iſt Trims! 
But, BC D- ACB A C D in the nk atis. 


CASE VIII. To Angles, A CD and CAD, with the Side Fig 
berween them, A C, being given; To find the third Angle DO. XXVI. 


In this Caſe, Let the Perpendicular fall from the Extremity-of CVI. 
the given Side, and oppoſite to the Angle enquired. |! 


Analogies. 


(1.) As cr. CAB: Rad.: : . AC: ct A CB. 
And, AC D- -ACB BCD in the aſt Triansl 
| But, ACDS ACB=BCD in the 2d $ 2 
(2% As . ACB: co. CAB :: Rad. : cs. BC - 
(30) As Rad. : cs. BC: . BCD: cs C DB. : 
„ L There- 9 


„ une Mathematica, 
„ As + ACB: co. CAB. BCD: . C DB. A {-: 


1 * 6 n 21 8 þ © 5 3 c 34 « 3 03. k 
IF Fg. CASE IX. Tuo Sides, A C and C D, with the Angle 4 D C, 
= , MXXVI. ' oppoſite to one of them, (viz. A C) being given; To find their 
=— Caſe IX. contained Angle AC D. If it be known, whether the enquired 
_ = -_  - Angle, or the Angle oppolite to the other given Side, be Acute 
or Obtuſe,.” - © at 44.8 5.) 
In this Caſe, Let the Perpendicular Fill from the Ang/e en- 
1 ired. | | 
| 14 * Analogies. 


(i.) As ct. CDB NA. © - cx: CD: cr:-B'CD: 
#5 As ct. CD: cl. BCD: {| Rad. + f. BC. 
3.) As Rad. t. BC: : ct AC: cs ACB. 


—_ | x oh; Therefore, | 
| c. BCD: : cr AC: g ACB. 


ww; 


ang CD ACD in the 1 
== in the 1 : 
But BCD — SACD in the 2d $ Liu. 


ACB 
| ACB 
Fig. CASE X. Tuo Angles, D A C and A CD, with the Side be- 
XXV. zween them, A C, being given; To find either of the other 
Caſe X. Sides, DCorAD; | 


In this Caſe, Let the Perpendicular fall from the Concourſe of 
the Side given and ſought, on the third Side, continued, 


if need be. 
WE Analogies. 
(1.) WEEDS: = og er 
D — == in the 21ſt I . | 
But, ACDSACB= BCDinthe 2d + Triangle: 
(2) As ct. AC: cs AC B:: Rad. +7. BC. 


(3.) Ast. BC: Rad. * cs. BCD et. C D. 
Ch Therefore, 
As co, BEA: cr, AC: 0, BCD: et. CD. 
Sx OS ' CASE 


— 


a 


of Sphere Vang. * =; 


CASE XI De Three Sides brine given To Cates bil. Eg. 


For the reſolving of this Problem, there muſt be ſome Prepata- Caſe XI. 
tion made; for that the Laiuerſal Pro 2 tion of the Lord Nepier's 


9 not, of it ſelf, ſufficient for the Solution of this or the follow- 

ng. Caſe. And therefore, the ſaid Lord Nepier's, to bring muy 
572 within ſome Compaſs of this his Univerſal Propoſition, he 
firſt finds the Difference of the Segments of that Side; which be- 
ing made the Baſe of the Triangle, is divided into Tuo Pars, by 
1e fall of a Perpendicular; and by help of this 


ANALOG. 


As the Tan gent of half the Baſe, 
Is tothe Tangent of half the Sum of the other Two Sdes ; 
So is the Tangent of half the Difference of thoſe Sides, 
To the Tangent of half the Difference of cheSrgments of the Baſe. | 
Thus then 1 
In the Oblique-angled Spherical Triangle A CD, there i is given, X 5 
the Two Side: it ws) AC and 5 D, together wich the 
Baſe A D; to find the Ae CAD 


Analogies. 


As the Tangent of half A DAT 

Is to the Tangent of half A — FE) A D; 
So is the Tangent of half the Difference of AC and A D, 
And balf AD alf 4 F — An In the aſt 

nd ha El = n the iſt RKI 
But half A E — half AD = BE or BD in the 2d Put 


7 Hence, to find the Angle at A. 
As Rad.: cr, AC: : f. AB e, CAB. 
CASE xIl. The Three Anglts-being given; To fnda Side. Be. 
XXVII. 
This Caſe is but the Converſe of the laſt beforegoing, and. is to 
be Solved afrer the ſame manner: If fo be that auc the An. W 
gles into Sides, Which, how to perform, is ſhewed in the 12th F 
. Caſe of the following Traf of the Solution of Oblique-angled Sphe- © 
rical Tri angles, without letting | a Perpendicular, 
And 


_ RY Taue Mathematica. | 
Hg. And for the 7 or Analogres for the Reſolvi ing of this 
XXVII. Cofe there a are alſo Two Ways propoſed, to which I referr ** 


a eee th. 


— 


CHAP. VI. 


The foregoin, "s XII Caſes, of Oblique-angled Spheric) Tri- 


angles, Geometrically Demonſreted, and K r with- 
out letting fall a Perpendicu 


m— 


; 


.. | OR the Performance of what is here 3 theſs Six 
F Theorems following, being demonſtrated, will clear. 


1 +. THEOREM I 
In any Spherical Triangle, whether Right or Oblique-angled. 


The Sines of the Angles are Proportional, to the Si nes of their op- | 
poſite Sides » & contra. 


This is demonſtrated in Self. 1. Chap. 4 of Right. line Trian- 
gles, and is the ſame in Spoerical jr, whether Right or 
Oblique Angular. 


— 


THEOREM II. 


bn all Oblique-angled Spherical Triangles, wha Three Sides to- 
gether are leſs than a Semicircle, or 180 Degrees. 


A4 the Sine of balf the Sum of the. Angles at the Baſe, 
I to the Sine of the ba Difference of thoſe Angler 5 
Sos the Tangent of haf the Baſe, 
To the Tangent of half the Diperente of the $ ides. 


And alſo, 


&s the Co-fine of half the g 55 the Angles at the Baſe, 


Isg to #he (Co. ſine of half the Difference o ove A . 
So is the Tangent of half the Baſe, 4 


2 the * of half the Sum of the S . 


I * 


D E. 


O Spherical T1 riangle 4. 

"DEMONSTRATION ©” 
L I is already proved; That, N Alder N 
The Sine of the Sum of the Angles B and E, 15 4 

Is ro the Sine of the Difference. of thoſe Angles Band E;; 
As the Tangent of half the Baſe B E, FOE PT 

Is to the Fangent of haf BU, t nel 
And multiplying the latter part of this Proportion, by the Tan 

gent of half the Baſe B E: It is, 8 hs 

As the Sine of the Sum of the Angles B andE, © 
. Is 10 the Sine of the Difference of thoſe Angles B and E; 
So is the Square of the Tangent of half B k 


To the Rettangle made of the Tangent of balf-B E, and the Tan- 
gent of half B C. | 1 


But. the ReQtangle made of the Tangent of half B E, and the 

Tangent of half B C, is equal to rhe Rectangle made of the 

Tangent of the halt Sum, and half Difference, of the Sides BA 
and A E: Therefore, bs TY 


As the Sine of the Sum of the Angles B and E, 

' Is tothe Sine of the Difference of the Angles B and E; 

So is een of the Tangent of balf BE, BD 

To the. Rellangle made 2 Tangent of the half Sun; and balf 
Difference of the Sides B A and A E. . | 


And the former Part of this Proportion, being multiplied by the 
Sine of the Sum of the Angles B and E: It is, 
As the Square of the Sine of the Sum of the Angles B and E, 
Is to #1 orgs made of the Sines of the Sum, and Difference 
of thoſe es; Ag pl 
So 1s the Square of the Tangent of half B E, 
To the Rellangle made FA the Tangents of. the half Sum, and balf 
Difference of the Sides B A and A E. wad, Hep | 


But, the Rectangle made of the Sines of the Sum and Difference 
of the Angles, is equal to the Rectangle made ofthe Sum and 
Difference of the Sines. ; 


And therefore, 
As the Square of the Sine of the dum of the Angles B and E, 


* 


„ 
= F of 


- 
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a Be. Is to the Rectangle made of the Sum and Difference of the Sines; 
ul. So is the Square of the Tangent of half B E, 


Io the Rectangle made of the Tangent of the half Sum, and half 
n renceof the Sides B A and A F. OT ab 21 


II. As the Difference of the Sines of B and E. 8 
Is to the Sum of the Sines of the Angles B and E; 
N So ts the Tangent of the half Difference of the Sides, 
i To the Tangent of the half Sum of the Sides B A and A E. 


And multiplying the former Part of this Proportion, by the Dif. - 
ference 4 the Sines of the Angles: and the latter Part thereof, 
by the Tangent of half the Difference of the Sides AB and 

S399 | 3 EET HED | 


As the Square of the Difference of the Sines of B and E, 
Is to - pong made of the Sum and Difference of the Sines 
| ana E; IC 8 
n of the Tangent of the half Difference of B A 
To the Redlangle made of the Tangente of the half Sun, and ha 
Difference of the Sides. 4 & a 


But, by the Firſt Section of this Demonſtration it is proved, That, 


As the Square of the Sine of the Sum of B and E, 
Is to the Rellangle made of the Sum and Difference of the Sines 
So is the Square of the Tangent of halt B E, | | 
To the Reftangle made of the Tangents of the half Sum, and half 


5 i 


Difference of the Sides. 
; As the Square of the Sine of the Sum of B and E, 


Is to the Square of the Difference of the Sine of B and E; 
So is the Square of the Tangent of half B E, | 
To the Square of the Tangent of half the Difference of the Sides. 


And alſo, 


A, the Sine of the Sum of the Angles B and E, 
Is ro the Difference of their Sines; | 5 
Sas i the Tangent of half the Baſe B E, | 
To the Tangent of half the Difference of the Sides B A and AE. 


Bur, 


PRI 


of Spherical Things. 


Bur, 


As the Sine of the half Sum of B and B 
Is to the Sine of their half Difference; . - 
So js the Sine of the Sum 

To the Differences of the Sines. 


And therefore, 


As the Sine of the half Sum of the Angles B and . 
Is to the Sine of the half Difference of B and E; 
So is the Tangent of half B E, 
To the Tangent of half the Difterence of the Sides B A and AE, 
which is the firſt Part of the Propoſition. | 


: * 
hd . 
79 


TI Xin. 


III. Having already proved, —That the Sum of the Sines of the | 


Angles B and E, is to the Diflerenceof the Sines of thoſe Angles; 
as the Tangent of the halt Sum of the Sides, is tothe Tangent 
of their half Difference. Therefore 

if you multiply the former Part of this Pro portion, by the Sum 
of the Sines of the Angles of B and E; wh the latter Part 
thereof by the Tangent of the half Sum of the Sides of A B. 
and AE: Then it will be, | 


As the Square of the Sum of the Sines of B and E, 


I to the Rettangle made of the Sum and Difference of the Sines op 


So is the Square of the Tangent of half the Sum of the Sides; 
To the Reftangle made of the Tangent 7 the 150 Sum, and half 
Dee H the Sides. | 


Bur, 


As the Square of the Sine of the Sum of B and E 
Is to. the Rectangle made of the Sum and Difference of the Sines ; 
_ - $5 is the Square of the Tangent of half B E, 
Jo the Rectangle made of the Tangent of the mY ore: «nd wh Dif- 
| ference of the Sides B A and AE. | | 


Therefore, 


As the Square of the Sine of the Sum of B and B, 
Is to the Square of the Sum of the Sines of thoſe Angles; - 
Soc is the Square of the Tangent of half B E, 
| To the Squars of the Tigent ofthe alk Sum. of the Sides B A 


And; 


** 


1 


Fi. 


1 


Eig. 
XXIX. 


= 
x .- 


- 
% N And, p 


een , he Fire of the Sum of the Angles B and 


Is to the Sum of the Sines of the Anyles B and 
So is the Tangent of half the Baſe B E, 
To the Tangent of the half Sum of the Sides AB and A E. 


But, 


As * Co- ſine of the Sum of B and E, 

Is to the- Co- ſine of the Diff rence of the Angles B and ; 
So is the Sine of the Sum of the Angles B and E, 

To the Sum of the Sines of the ſaid Angles. 


And therefore, 


1 * Co- ſine of the Sum of the Angles B and E, 
Is to the Co ſine of the Difference of the Angles B and E; 
So is the Tangent of half the Baſe B E, 
To the Tangent of the half Sum of the Sides AB and Ak. 
Which was to be Demonſtrated. 


THEOREM III. 
In all Spherical Triangles: 


* 5 Difference of the Verſed Sines, of the Sum and Di iference 


wo Sides ( duds an Angle,) 
Is , 7 Diameter; 
So # the Difference between the Verſed Side of the Third $ ide, 
and the Verſed Sine of the Difference of the other TwoSides, 
To the Verſed Sine of the Angle comprebended by the ſaid Two & ides. 


DEMONSTRATION. 
Let the Sides of the Triangle 2 8 P be known, and let the Ver- 


tical Angle de 8 Z P: Then ſhall Z 8, the one Side, be equal to 


ZR, and P R An val to their Sum; and. P B the Verſed Sine of 
PR "and P C, ist 
the Verſed Sine of PC, is PM. 
Now then, M B is the Difference between B P, the Verſed Sine 
of P R. the Sum of the Sides, and P M the Verſed Sine of P C, 
the Difference of the Sides. 
H is the Difference between P H the Verſed Sine of PS, and 


p M the Verſed Sine of Þ C the Difference of the Sides: N ; 


e Difference of the Sides Z S and Z P, and 


/ 
/ 
a 
« 
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is the Diameter, and O V the Verſed Sine of P Z S the Angle Eg. 
Sought: And the Right Lines NC, K L, and RG, being Paral- XXIX. 
lel, by the Work, their Inter- ſegments M B and R C, and alfo | 


MHandS C, are proportional. | 2 
And therefore, 8 | 
MB:MH::RC:SC;- 
es C:: QV ; OV, 
Therefore, MB: MH: : QV: O V, 5 
Or, NMB: MH : : half QV : half OV, | 
: Which was to be Demonſtrated. . 


-THEOREM IV. 


105 In all Spherical Triangles; 
As the OS of the Sines of the Sides containing the Angle 
enquired, | 
Is rity Square of the Radius; 5 282 
So is the Difference between the Verſed Sine of the Baſe, and the 
Verſed Sine of the Difference of the other Two Sides, 
To the Verſed Sine of the Angle ſoughte 


DEMONSTRATION. 


Let the Sides of Triangle à E K be given, and let the Angle at Fi. 
A be enquired; and from O, let fall the ferpendicular O B. XXX. 
Now then, © E being the Difterenc®ot the Sides A E and 
A K, equal to AO; the Right Line O Q is the Right Sine ther- 
of, and E Q the Verſed Sine. In like manner, S M is the Right 
Sine, and E M the Verſed Sine of E S; that is, of the Baſle EK; 
and M Q or OB, is the Difference of thoſe Ver ſod Sines. 
O K, is the Verſed Sine of the Angle O A K, in the Meaſure of 
the Parallel O F; and D X is the Verſed Sine of the ſame Angle 
in the meaſure of a Great Circle, whoſe Diameter is H D. Now 
then, becauſe of their like Arches, it ſhall be 


As DC: DX: : OL: OK: 


And becauſe N E and O K are Parallel, as alſo EC and QB, the 
Angles B O K and CE N are equal: And the Triangles E CN 
and OK B like; and therefore the Sides N E, E C, OB MQ 
and O K, are Proportional: 2 it will be N 


* mY | * . . 
_ Jana Mathematica. 


„ That, As L 


ONE: 84 Rad.: : half O B. Rad.: half DX * Rad. 


As L O: DS OK. DX, 
| NE: EC:: OB: OK. 


It will alſo be 0 1 
ASLO#NE: DC*®FEC::OK*OB: DX*OK: 
Or rejecting the common Altitude OK, it will be 

As LO#NE:DC#*EC::OB:DX, 


The Verſed Sine of the Angle ſou ht. Which was 10 * Demon. 
ftrated. 


THEOREM V. 


In all Spherical Triangles, 

4 the Reftangle of the Sines of the Sides containing the N | 
Angle, 

Is to the Square of the Radius; 

So is the Rectangle of the Sines of the- half Sum, and half Diffe- 
rence of the Baſe, and Difference of the Legs, 

To the Reffangle made of the Radius, and half the Verſed Sine 
of the Angle enquired. | 


DEMONSTRATION. 


It is aready p proved by the laſt Theorem, 
: 2 the Square of thg Radius: 


And therefore. alſo, 
LO*NE : 8g. of Rad. :: half OB: half D X. 


And now in the followige Diagram; O-E G H, the Sum of 
E S and O E, is the double Meaſure of the Angle BSO; and 


— 


80 r 


the Arch OS is the Difference between the Baſe E S and E O,; 
the Difference of the Sides A K and A E; And, 


As- R: half O'S:: OH: half O B. And, 
s, and half O H, is equal to C Br Rad. 


Therefore, 


And 


f ene Trial. 
r ON 
LO®NE: Sq. R. half O8 * half O H half DR TB. 


0 Which was o be Demonſtrated. 1 15 


THEOREM VI 


In all Spherical Triangles, 
As the Rectangle of the Sines of the Sides "A the enquired 
le, 


Is io Ihe Square of Radius; 
So ir the ; x bh of the Sines of the 6h Sum, 24 balf Di erence 


of the Baſe, and Difference of the Legs, 
To the Square of the Sine of balf the. Angle enquired. 


DEMONSTRATION. 


It is already proved by the laſt Theorem, That Fig. 
LO#*NE : Sp. R.:. half OS“ half OH: half DX R. XXXI. 


But the Rectangle made of Radius, and half the Verſed Sine of 
an Arch, is equal to the Square of the Sine of half the Arch: 

As in the foregoing Diagram; let the Arch given be D T, then 
is DX the Verſed Sine of that Arch; and D F the Right Sine 
of half the Arch and the Triangles B F Rand DTX are like. 

Therefore, | 
F : balf DT (=DF) : half DX. 
R * half DX, is equal to the Square of D F. 
I berefore, 


LO VNA: % half OS * half OH: the Square of D F. 
ich was to be Demonſtrated, 


M 2 | : CHAP. 


. Janus Mathematica. x 
+ CnAa'p vii 


Th Solution of the Twelve Caſes of Oblique-anzled Sphe- 
rical Triangles, without any Regard had to a Perpendi- 


| Y, ceuular let fall, * to reduce it into 19s Right-angled 


NIE 
_ Be. "A ND the Spherical Triengle which 1 ſhall make uſe of is 
._ XXNIIL that noted with Z. S P, whoſe Sides and Angles, both in 


Sexagenary Degrees and Minutes, and Decimal Parts alſo, are as 
in this Table is expreſſed. 


. = 8 "91 | De. I 


* i 

N 8] 

N | | FS ” 1 

8 C5. JF] 44 oy 42.07 

WE - [EZ $—}] 30 30.00 

_ 122 24 0 ws 24.06 

5 | = £ -I io 60 | 104.00 

5 „[S —| 36 os 30, 13 

8 FE TG. T2 

1 Fig. CASE 1 1755 Siet, Z S and Z, with the PHE oppe-- 


? XXXII. fire to one of them, being given ; To find the = S, oppoſite 
cee I. jo tbe other. 


tr err va : 
IS | As the Sine of 2 8 * Diz Cb. Ar. 0.30 10299 
_— Is to the Angle P, 46 Deg. 18 Min. 9.8591186 
i Sol is the Sine of Z P, 24 Deg. 4 Min. 9.6104465 * 
3 To the Sine of 8, 36 Deg. 8 Min. a 257705850 


= Fe. CASE II. Two Angles, S and P. with the Side Z P, oppaſite 
XXIII. to on of Dy: being given; To fnd the Side Z 8, oppeſite 10 
CcCaſe Il. the other . 


x! Analogy. | 
_ | As the Sine of the Angle 8, 36 Deg. 8 Min. Ci-Ar, 0.2293936 
A Is to the Sine of 2 P, 24 Deg. 4 Min. 9.6 104465 
3 5 So is the Sine of the Angle P. 46 Deg: 18 Min. 98591180 
To the Sine of Z 8, 30 Deg. 179.6989581 
! CASE 


| Plate VIM . From Pag. 68. to Fag. 2 


2＋9.393 .. 


* — er bo — - 


CASE. Ts Sicer, Z f and Z S, with the Angle S Z P, Rg. 
& - contained between them, being grven , To find tbe other Angles, XXXII. 


8 and F. 2 3 as Caſe III. 
| 0 >» TREES 30 oo " 
OY 2 2 . 
— Sum 54 04 
2 Difference 5 56 
; Half Sum © 27 Od, 
Half Difference ” 2 
Half the Angle Z. 52 oo 
Analogy. 
| Firſt Operation. 
As the Sine of half the Sim of the Sides 27 d. 2 CM Ar. 2.3 424577 -.alf 
_  Isro the Sine of half the Difference of the Sides 2.58 $.7139520 w 
So is the Co tangent of half Z, 52 d. 9.8928098 8 
To a of _ the Ne of the 8 +8.9492195 
| Second Operation. | 
As 2 of half the Sum of the Sides 27 d. 2m. 7 0.0502479 
-» . To Co. ſine of half their Difference 2 d. 58 m. 9 9994175 
So Co-rangent of half <= Z, 52 d. 9.89280g8. * 
To Tangent of half the Sum of the <'s S and P), _ 


41.31 329.9424752 


2 | d. m. 
Which half Sum of the Angles Sand P 41 13 
Added to half Difference of the Angles - 5 O 


Gives the Quantity of the greater <P 46 18 
And ſubſtratted, gives the leſſer S. 36 08 


4 CASE: 


86 


Fig. 
XXXII. 


* 
4 . 


ce 


n en 
CASE w. Tio Angles: 'S and p, and their contai ned Side 
S Keen, To find the other Two Sides, 28 and Z i 
* 6 08 : 

as > 46 10 

Sum 82 18 

1 Difference 10 O2 

Half Sum f 41 85 

2 Half Difference 1 1 

. k Analogy. 
Firſt Operation. 


As os 2 half the Sum of the Angles S and P 5 1817525 


m. Co-Ar. | 

Is 5 tho 15 in of half their Difference 5d. 1m. 8. 9402960 
So is the Tangent of half the Side 8 P21 d. 35m. 9. 5856859 

| Diff. d ZP 
1 of half the Diff. of Z S and Z > $$,7077344 

Sa Operation. | 
th the 8 5 P | 

1 As Cofino lf he Sum of Angles an 4 nin 
To Co- ſine of half their Difference 5 d. 1 m. 9.9983331 
So is the Tang. of half the Side 8 P 21d. 5 m. 9.5862624 


To Tan. of half the Sum of Z S and Z P27 d. a m. #9:7076060 


d. m. 

To this half Sum of Z Sand 2 p 27 O2 
Add half their Difference 2 55 
Their Sum is the Greater Side Z5 29 57 
24 O7 


And ſubſtrated gives the Leſſer Z P 


4E 


Of Spherical Triangles. 


CASE V. Two Sides 2 8 with the Angle P, oppo- 
fie. to one of them, being Given; Io find the third Side Is 
3 E £ Le Operation. | 
As. the Sine of the Side 28, 30 d. C. Ar. | 0.3010299 
' to the Sine of the Angle P, 46d. 18 m. 9.8591185 
So is the Sine of ths Side. Z. F. 24d. 4 m. 9,6104465 
To the Sine of the Angle at 8, 36 d. 8m. x 9.7705950 
| Then, | | 
The Sides are _ The Angles are 
28 30 00 P 46 18 
2 P F „ 35 . 08 
Their Sum | 54 04 82 26 
Their Differenſte 5 56} „ 
Half Som 27 oz | F "0, Ty 
Half Difference 2 58 5 05 
Second Operation. 


As the Sine of the half Difference of the Angles | 
S and P, 5 deg. 5 min. Co- Ar. 1.0525439 

Is to the Sine of half the Sum of rhoſe Angles 41d. 13 m. 9.8 188 250 

So is the Tangent of half the Difference of the Sides 0 
Z S and Z P, 2 deg, 58 min. b 71395 


To the Tangent of half 8 P, 21 deg, 4 min. 79.5853 209 


Whoſe double is 42 deg; 9 min. for S P. 


CASE VI. Two Angles, S and P, with the Side 8 Z. oppoſite 
to one of them, being given; To find the third Angle 2 


© Firſt Operation. 


As the Sineof the Angle at P. 46 d. 18 m. Co- Ar. 0. 1408813 


Is to the Sine of the Side Z &, 30 deg. 9.698970 


So is the Sine of the Angle at 8, 36 deg. 8 min. 9.7700063_ 


. 12 


To the Sine of the Side Z P, 24 deg. 4 min. 19.698576 


Fig. 
XXXII. 
Caſe V. 


| * 8 b dete 4 


Second Operation. 


2 the Sine of half the Difference of the Sides 2 . 
f and Z P, 2d. 58 m. Co- Ar . 1.2 860479 
Is to the dine of half the Sum of the Sides. 4 d. 13 m. 9.8 1882 50 
So is the Tangent of half the Difference of the r Nr 
ples Sand P, 5 d. 5m. 9491075 


To the Co-rangent of half the AngleZ, 52 deg. 100540404 
Whoſe Double, 104 deg. is the Angle Z required. 


Fig. CAS E VII. Two Angles, S ard P, and a Side ZS, oppefre to tre to 
XXXII. One of them, being given; Io find the Side between i em, S 


* Caſe VII. Eirſft Operation. 


As the Sine ot the Angle at P, 46 deg. 18 min. O. . 1409913 
Is to the Sine of the Side Z 8, 30 deg. 9 6989700 


So is the Sine of the Angle at 8, 36 deg. $ min. 9.770606} 
To the Sine of the Side Z P, 24 deg- 4 min. x9.6105676 | 


* Then, | 
The Sides 1 The Angles 
28 de 98 36 08 
- AP. 24 4 26 18” 
Their Sum . | 54 4 82 26 
Their Diftterence * 5 56]. 10 10 
Half Sum 27 02 1 
Half Difference 2 58 1 


Second 


Fig. N Then, e | 
XXXII. The Sides e * Aude 
2 30 008 36 08 
„„ 24 41 P 46 18 
- Their om rm 1, ©54. o 2 26 
Their Differenetee˖ _5 56| 10 10 
Halt Sum 27 oa 41 13 
Half Difference 2 386 5 05 


\ 


Of Spherical Triangles. 89 


Second Operation. ye of LG8 
As the Sine of half the Difference of the Angles 11 
Sand P, 5 5 deg. 5 min. Co-Ar. 7 10323435 
Is to the Sine of half their Sum, 4 13 min. 9.8188250 " 


So is the Tangent of half he Dire © the Sides 
Z Sand Z P, 2 deg. 58 min. + 8.7145345 


we +a of halfthe enquired Side, 21 deg. 725 859034 | 


The Double whereof is 42 deg. 9 min. for the Side 8 P. 


CASE VIIL Two Sides, ZS and Z P, and the Angle P, op- 
poſite to the Side Z. S, beine given; To find the Angle 2 con- * 


tained between the Two groen Sides. | CaſeVUl. 
Erft Operation. Ys 
As the Sine of Z S, zo deg. C. Ar. o. 3010299 
Is to the Sine of the Angle P, 46 deg. 13 min. 9.8591186 
So is the Sine of Z P, 24 deg. 4 min. - 9.6104465 
To the Sine of the Angle at 8, 36 deg, 3 min. 2.75 
Tuben, | 
The Sides | The Angles 
Z S 30 08 77 08 
LP 24 4 P 46 18 
Their Sum 54 84 82 26 
Their Difference 555] 10 10 
Half Sum 27 O2 41 13 
Half Difterence - 2 58 5 O5 
Second Operation. 
As the Sine of half the Difference of the Sides Z. 8 
and Z P, 2 deg. 58 min. C- Ar. 7 1. 2860479 


| Is to the Sine of half their Sum, 27 deg. 2 min. 96575423 
So is the Tangent of half the ence of the 2 8. p 
Angles S and P, 5 deg. 5. min. © | 9491075 
To the Co-tangent of half Z, 52 deg. 2 05 $92 '577 
The Double whereof, 140 deg, ö is the Angle at Z 


N CASE 


5 Ne lebte 


0 ASE IX. Ts Sides LS un Lp, with the e Z, com> 
oth I  Frebended between them; Iv find the third Side S Po N 


Caſe IX. You muſt firſt find the Two. other Angles S and P the 3 
and then you may find the'S! Side'S P., Fa uf Caf 595 = 


— 8 1 "And b, DN "ICH bet 7 wa 
| 25 d. m. 
The Angle 1 5 8 1s mill be found to bs 1 26 36 * 


And the En e Ses 
/ ,, This Problemmay be othetwiſe eeſolved at Two FEM by. 


xp 1 


_— — — 


\ 


1.5 2 Problem next following the Twelve Cafes. 


= CASE X. Two Angles, 8 — P, Lk the Side between them, i 
XXXII SP being given, To find thethird\ Angle at Z. 


W 2 Caſe muſt be reſolved in the ſame manner as the forego- 
„ Jeng but the Converſe thereof: By finding firſt the Two 
Sand 25 b. Yol hall fad 4th Caſe) and then the Angle Z (by 


5 the 3j} Caſe.) 
m. 
1 o 
The Side J 7 > Þ toc contain * app 
D "And the Enhuied Angle 2 104 00 


7” CASE XI. Three Srurr, LS, ZP and P, being given; To 
1 ind the Angle at Z, op. te to (the Baſe ) SP: 


ra XL. Nas, I call that Side the Baſe (which ever it be) that is op- 
0 polite to the Enquired Angle. Then, 


Frſt Operation. 


As the Radius, or Sine of 90 deg. | W 
Is to the Sine of the Side Z 8, 30 deg. 9.6989700 
So is the Sine of the Side Z P, 24 deg, 4 min. _9.6104465 


To 2 fourth Sine, vis. 11 11 deg, 46 min. 179.3094165 


Then, 


Of. „ 4 | 


Then, 


| N : The Sides ate 5 . | #3; 


— 09 
— — 


- 5 — F Their Sum 96 13 
| | Half Sum . 
The Baſe 8 P 42 09 Subſt, 

Difterence 5 57% ade 


? Second Operation.” 


As the Sine of the fourth Sine before found 11 deg; 
46 min. Co-Ar. 5 3 9 
Is to the Sine of the half Sum, 48 deg. 6 2 min. 9.871811 


So is the Sine of Difference 5 deg. 57 2 2 08182185 
- To a ſeventh Sine. 156.5786136 
Half this ſeventh Sine i 2 _ | 9-7893068 


Which is the Sine of 38 deg. whoſe Sar 52 deg, is 
half the enquired 12 at Z, uia. 104 1 . 


L 


Another Way 10 reſolve this Cafe. ' 


| Take half the Difference between the Two Sides that contain 
the required Angle; and add it to half the Baſe, and likewiſe ſub- | 
ſtract it from the ſame, noting the Sum and Difference. Then, 
The Arithmetical Complements of the Sines of the Sides com- 
rehending the enquired Angle, added to the Sines of the Sum and 
Differ ference before. found, half the Sum of them ſhall be the vine 
of half the Angle required. 


f 1458 wh 

£:39:7:0D 
me Sue { 28 be, a 

Their Difterence is Ke R019 86-1-1. 7 
- The half Difference 225 oe" 08 
Which added to * es * 09 | 
The Sum is 9 24 07 | 


And ſubſtraQted, the Dikeb 18 6 


N 2 | Then, 


92 


_ 


> * — ' 
The Sine of the Side Z 8, 30 deg. 4r. Co. 0.3013299 
The Sine of the Side ZP, 24 deg. 4 min. A. Co. o 3895535 
The Sine of the Sum, 24 . n 9.61902 19 
The Sine of the Di deg. 6.2 min, _ 9.4924864. 
The Som XF9. 7933917 


The half whereof is the Sine of 52 deg. 1 min. 7 9.8966958 


Eng. 
Xin. 


the ſame manner: But firſt, the 


half of the Angle at Z. 


CASE XII. Three Angles Z, P and 8. being given; To ind 


any of the Sides. 


This is the Converſe of the former. and is to be reſolved after 
Angles muſt be turned into Sides. 


as followeth : For 
The Two Leſſer Angles, 8 and P, are always equal unto Two 


Sides of another Triangle, compr rehended by the Arches of Three 


Great Circles drawn from their oles, and the Complement of the 
Greater Angle Z to a Semicircle (or 180 deg.) muſt be taken for 
the third Side. Therefore, in this Triangle thus converted, you 
ſhall by the preceding 13th Caſe find an Angle; that Angle fo 
found, ſhall be one of the Three Sides enqui 

As in the Triangle A CD, the Foles of thoſe Arches. are H, 
Rand Q; which connected, make the Triangle H R the Sides 
of the former Friangle, deing equal to the Angles of the latter; 


85 taking for one of them che Complement of the Greater Angle 
to 2 Semicircle. 


So A D is equal to the Angle at H; whoſe Meaſure is the 


Arch E N. 
D Cis equal to the Angle Q; whoſe Meaſure i is the Arch M P. 


And AC is equal to the Complement of the Angle HR Q; 


__ whoſe Meaſure is GL. 
Therefore, if the Angles A, D and & be given, the Sides QR, 


Q and R E, are likewiſe given. 
If therefore we reſolve the. Trian leHRQ by the Directions 


of the 11th Caſe befo the le ſo found ſhall be the. 
* | Sato 


CHAP. 


Of Spherical Trian le,, 
Of Sp oo A 


A Problem and 
In any Spherical Triangle, Ti S1drr, DB and B c with rhe 


Angle B, included between them being given; To find the other 
An les, B and C, by Two Proportions. 


Tg Problem was invented by the Lord Nepier, and is Fie. 
celebrated, not leſs for its Subrilty, than Uſefulneſs, in refol- XXXIv. 
ving this Cafe, without letting fall a Perpendicular, or any Ambi- 


uity. | | 
kn " ANALOGIES. 


r. As the Sine of half the Sum of the Sides including the Angle 
iven, | 
Is - the Sine of half the Difference of thoſe Sides; 
So is the Co-tangent of half the Verticał Angle, | 
To the Tangent of half the Difference of the Two unknown 


Angles. 
om Then, 


2. As the Co-fine of half the Sum of the Two given Sides, 
Is to the Co-Sine of half theDitterence of thoſe Sides, 
So is the Co-tangent of half the Vertical Angle, 
To the Tangent of half the Sum of the Angles. 
The halt Difference before found, being added to this 
half Sum now found, gives the Greater, and ſubſtracted 
therefrom, gives the Leſſer of the Two unknown Angles. 


DEMONSTRATION. 


Suppoſe A, E, G, Poles of the Sides D B, DC, B C, there- 
fore the Arch A E is equal to the Angle D; the Arch EG equal 
to theAngle C; the Arch A G equal to 180 deg. wanting the An- 

le B. Suppoſe the Ark E O, equal to the Ark E G, equal tothe 

k EP. Then if the Points GA O E P be Stereographically 
projected, the Right Line A E will be equal to Tangent of halt 
the Angle at D; and A G, equal to the Co-rapgent of half. B; and 
A O, equal to the Tangent of half the Difference of the Angles ; 
and A P, equal to the Tangent of half the Sum of the Angles; 


and OGP will be a Semicircle, deſcribed from its Pole Engr wr 
os hole. 


1 
1 Fig. > 
WA. 


Jana Mathematica. 
whoſe Center ſuppoſe ,z, Then take B >, equal to B C, equal 
to B L; and draw the Diameter B mw A E, be. DK, Allo 
B , parallel to 4H. Therefore, D B is equal to B; and n 
K, equal to n H; and F N, equal to D L. Draw N perpendi- 
cular to Do, then the Triangle > - y is equiangular to the Trian- 


gleDLy; and D LK, equiangular to the Triangle x ; there- 


equal to) — 
equal to a Right Angle: Therefore, 1 H= mw = MK. Al- 


tore, Ly: My:: DL: G N: And, as DL: MX:: LK: 
; and therefore Lo, parallel to K ©. But the Points N H G 
are in a Circle, whoſe Diameter is N: Therefore the Angle 
N H, is yl to (the Angle > H, equal to the Angle L D, 
00 . erefore the Angle K 0 H, equal to y > 


ſo, NK: LK: : (o N: R: :) Tangent of the Angle DN: 


the Tangent of the Angle D 4 L; that is, 


As the Sine of the Sum of the Sides, 
ls to the Sine of the Difference of the Sides; 
So is the Tangent of half the Sum of the Sides, 
To the Tangent of half the Difference of the Sides. 


Therefore, 


As the Sine of the Sum of the Angles, b A 
Is to the Sine of the Difference'of the Angles; = U 


So is the Tangent of half the Sum of the Angles, 


„ 
CY 


ETZ NH- XK ZN Hi: SAP4LAO:SAP—SAO. 


To the Tangent of half the Difference of the Angler. 
2 But, | 
The Sine of the Sum of the Sides, 
Is to the Sine of the Difference of the Sides, 
(as the Sine of the Sum of the Angles : Sine of the Difference 
of the Angle 30 


80 is the Tangent of half the Sum of the Angles, 
To the Tangent of half the Difference of the Angles. 


That is, As N K: > H b AP; A O. | P 
| Therefore, | 1 Ab. 
That is, Am: m A h 


-- 3 — 4 9 4 
_ © % £ " A 
= * 2 . 
Ne ut 
- 
# 
* 


to 


f Spheiical Triangles: 
But alſo, the Angle m No, N 
fore (by 5 Pr. 6 Lib. Eucl.) the Triangles >-m d, and A x G, are 
equiangular; and therefore the Triangles > H a and A O G; and 
alſo the Triangles ). K u, and AP G, are equiangular. Therefore, 
N: NH: : 48: G0, and N: NK:: AG: AP. 
But, DN: NW:: DL (4 K=): AH, . et 
And d N: NH: : AG: AO, and N: N K:: AG: AP. 
But DN: N:: DL (LKA): XH; and N: N:: WL 


(LRH): XK. | 

1 Therefote, 
DN: DL:: (N: MH: :) AG: AO: | 
And >: L i: (N NK AG AP. 
9 | That is, 


As the Sine of half the Sm of the Sides, 
Is to the Sine of half the Difference of the Sides; 
So is the Co-rangent of half the Vertical Angle, 
To the Tangent of half the Difference of the Angles. - 


1 And, | 
As the Co-fine of half the Sum of the Sides 
Is to the Co-fine of half the Dsference of the Sides; 
So is the Co- tangent of half the Vertical Angle, 
To the Tangent of half the Sum of the Angle. 
| 1 COROLLARIES. 
In any Spherical Triangle, | | 
I.” Tan. =Baſe : Tan. = Sum of the Sides : : Tan. : + Ditter. of 
the Sides: Tan. = Differ. of the Segments of the Baſe A G, 
made by a perpendicular Arch falling thereon from E. | 
2H, £3. 3 A: ADE AL 
II. Tan. 2 Baſe : Tan. = Sum Sides : : Cc-fine. + Sumers : Co- 
fine 2 Dift. rs. A G: AP: : Xx: L: For the Angle 
E AG == the Arch D B, and the Angle AGE = to the 
Arch B C. | 
III. Tan, = Baſe : f. 2 Sum Sides : : s. 2 Sum of Ang.: 5. 2 Diff. . 
| AG: AO:: DN: DL 8 


mT 


IV. If: 


val to the Angle G An; chere Fi: 


"= 
2 


1 96 SES YER Janua Mathematica. 
Fie. IV. If the Angle E G A be fuppoſed Right, then A P. AO = 
KXAIV. A Gg. — is, In a Right Spherical Triangle, E GA 
the Tang. + Hypot. + = Per. + Tan. + Hypot. — > Per. is = 

the Square of the Tangent of half the Baſe. | 


i C H AP. IX. 


Same Problems in'Plain Triangles, which come not within 
/: .. ._ the Limits of the Twelve foregoing Caſes. | 


PROBLEM I. 


In the Oblique-angled Triangle CB D, there is given the Angle at 
C, (116.20 deg.) the Side D B, oppoſite thereunto (1270 Foot :) 
"And the Two Sides, D C and CB, in One Sum, ( 1496 Foot. 
To find the other Angles D and B, and the Sides ſeverally. 
CES RKUCTION. 
"Xtend the Side of the Triangle D C, to A, making C A 
equal ro CB; and draw the 2 B A, 0 that you haye 
conſtituted a new Triangle 4 O B, in which you have given, 
(1.) The Side AD, equal to the Sum of the Sides D C and CB, 
(1497.) And (2.) theSide DB (1270.) And (3) bein you 
have the Angle D CB, (116 d. 12 m.) you have alſo the e 
B C A in the other Triangle, (63 80 d.) the Complement thereof 
to a Semicircle, or 180 18 7 
Then in the Triangle AC B, having the Angle at (63.80) 
you have alſo the Sum of the other Two Angles, CAB and ABC, 
equal to the Ty Angle D CB, ( 116.20) the half whereof is 
| the Angle CAB (58. 10 d.) to which the Angle ABC is equal, 
EF  _ . becauſe the Sides CA and CB ſubtending thoſe Angles, are e- 
4 nal: And now in the Triangle D AB you have given, (1.) the 
Side DA, 1497. (2.) The Side DB, 1270. And (3.) the An- 
"=> gle, D AB (oppoſite to D B) (58.10 d.) by which you may find 
| the whole Angle DBA (by C2/e I. of Oblique Friangles: For, 


As Log. DB :s. CAB:: Log DA: . ABD. 
1270 58.10d., 1497 95.53d. 


XXXV. 


From 


* 
* 
* = 
* 
' 
> . 
* * 
8 J 
- 4 of 
1 


" . 2 | * 1 
a NS 4 
late X. From Pag . 84, to Fag. % % 2 oh 


Of Problems Extraordinary. 


' will remain 37 
CD B will be 26.37 d. the Remainder of the other Two, C and 
B, to 180d, DES STS. | 4 


And for the Sides, they may be found by the fipſt Caſe of Oblique | 


Triangles, thus * | ; 
As 5sC: Log. DB-: 5B Log. DC. 
116.20 d. 1270 37.43 dl. 865 
As 4 B: Log. DC: D: Log. CB. 
37.43 d. 865 26.37 d. 632 
PROB. II. 


In the Obligue angled Triangle C D B there is given the Angle at 


C, (116.20 d.) The Side DB, oppoſite thereunto (1270 Foot.) 


And the Difference of the other Two Sides C D and CB, (233 


Foot.) To find the Iwo unknown Sides ſeuerally; and the An- 


gles at D and B. | 
| CONSTRUCTION. 


N the Given Triangle; make C A equal to CB, and draw the 
Line B A; fo is the Given Triangle C D B, reduced into Two 
Oblique-angled Triangles CAB and ADB, in which laſt is, 
given the Two Sides, A D and D B, but never an Angle; and in 


the other, only the Angle at C, and never a Side. 


But (by Conſtruction) the Side C A being made equal to the 


Side C B, the Angles CABand CB A are equal. and the Sum 
of them, equal to the Complement of the Angle at C, (116. 20 d.) 
to 180d. that is, to 63. 80 d. the half whereot 3 f. 90 d. is equal to 
the Angle CAB, and the Complement thereof to 180 d. is 
148. 10 d. equal to the Angle DAB. | 


And now in the Triangle D A B, there is given, the Sides AD 


and D B, and the Angle at A, to find the other Angles, by Caſe I. 
and II. of Oblique Triangles, | Thus, 


As Log. DB: A:: Log. AD: s. ABD. 
1270 148.10d. 233 \ 5-53d. 


Which added to the Angle CB A, before found, 31.90 d. the 
Sum will be 37.43 d. for the Angle CB D. 


8 Then, 


Nn 


97 
From which, the Angle C B A 58. 10 d. being ſubſtracted, there Fg. 
43 d. for the Angle CB DO and then the Angle XXV. 


Eig. 
V. 


- '4 al 
A 
: 12 a 


—_— x 


3 dau Mathematica, 
As DCB: Log. DB:: CBB D: Log CD 
116. 20d. 12750 37.43 d. 865 
Wo As DC B: Lg DB: 20 DB: Log EB "i 
.= 116. 20d. 1270 286.37 l. 632 


© In the Right-angled Plain Triangle A B C, there is given, the 4 
AB, (28 Foot.) And the Liypotenuſe C B, and Perpendicular 
CA, in one Sum, (viz. 56 Foot) to find the other Sides and 
Angles ſeverally. 838 


Ey. T7 the given Triangle ABC, extend the Perpendicular A C to: 
XXXVII. I D, making CD equal to C B; fo ſhall you have conſtituted 

. a a new Triangle D A B; in which there is given, (1.) The Right 

1 Angle ar A. (2.) The Baſe AB 28 Foot. (3.) The Side AD 

; equal tothe Sum of the Sides A C and CB, by which you ma 
5 find the Angles A DB, and ABD, (by Caſe I. of R. Ang. Tri.) 


Leg AB:: Rad: : : Log DA: 1 DBA 
28 2,45.00d, 56 63.43 d. 


Whoſe Complement 26.57 d. is the Angle A DB, to which the 
Angle CB is equal, becauſe the Sides CB and C D, ſubtending 
them, are equal by Conſtruction. Then from the Angle D B A. 
63.43 & before found, you ſubſtract the Angle D B. C, 26.57 d. 
laſt found, the Remainder 36.86 d. is equal to the Angle C B A, 
and the Complement thereof, 5 3. 14 d. to the Angle C AB. 


d. 
5 
1 


5 And then, | 
. | As s ACB': Log. AB: : CBA: Log. CA. 
3 53.14 dl. 28 36.86 d. 7 
=== Wk And ſo; ; Rad. : Log. CB, 
: gad. 56 


Other 
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| Otherwiſe, by this Theoremn. Ex. 3 

If from the Square of the Sum of the Baſe and Perpendicular DA * vir. > 
56 (3136) you ſubſtraT the Square of tbe paſs AB 28, (784) 
and droide the Remainder (2352) by double the Sum of the Hy- 
_ potenuſe and Perpendicular 56, (viz.-112), the Quotient (21) 
. will give the Perpendicular : Which ſubſtratfed from the Sum 
(56), /eaves (35) for the Hypotenuſe. a * X's: mall 


6. 


P R O B. IV. | 
The Three Sides of « Right lined Triangle, being given, To find 
the Area. | 
| RULE. 


A DD. the Three Sides of the given Triangle together, and 
tanke the half thereof: From which half Sum, ſubtract each 
Side of the Triangle ſeverally, and note the ſeveral Differences: 
Then multiply the Ha/f Sum, by any one of the Differences, and 
that Produ multiply by another of the Differences, and that Pro- 
dt multiply by the third Difference: The Square Root of this 
third Produt?, ſhall be the Area of the given Triangle. 


| Example. 


In the Triangle AB C, whoſe Three Sides are A B 20, AC F. 
4, and B C 42: Their Sam is 96, the half whereof is 48: XXX VIU. 
rom which ſubtract the ſeveral Sides, 20, 34, and 42, and there 

will remain theſe Differences, 28, 14, 6.— Then, multiply 48 

(the half Sum) by 28 (the firſt Difference) the Product will be 

1344: Which multiplied by 14 (the ſecond Difference (the Pro- 

dus will be 18816: And this Product multiplied by 6 (the 

third Difference) produceth 112896: The Square Root whereof 

is 336, for the Area of the Triangle ABC. | 


By Logarithms. 


To the Logarithm of half the Sum of the Sides, add the Loew 
rithms of the ſeveral Differences of the Sides from the half 


Sum Half the Sum of thoſe Logarithms ſhall be the Logarithm 
of the Area of the Triangle. 


O 2 iN Example, 


5 "= 


- 
-—_ 


Fig 
+ 


XXVLL 


3 P : 2 MM \ X - l a * * 
* 4 . . . . N 
” | ys p # vg * 
Jianua Mathematica. 


W | 
The half Sum of the Sides ——48 *- (1.6812412 
| A B——28( whoſe Loga- ) 1.447 1580 
The Difference of 4 AC——14( rithm is ) 1.146 1280 
| * JAG 6) | C0.7781512, 
| Their Sum 38526784 
The Half Sum 2.5263 392 


/ 4 


Which is the Logarithm of 336, the Area of the Triangle. 


PROB. V. 


By. the Three Sides given; To find. the Point in the longer Side, 


where a Perpendicular fha/F fall, and the Length of that Per- 
pendicular. 5 
f R DL E: 


'F* KE the Sum and Diference of the Two Sides containih 

the Ang/e from whence the Perpendicular is to fall, and 
multiply them together, and divide the Product by the third Side, 
upon which the Perpendicular is to fall, the Quotient added to the 
third Side, or ſubſtracted from it, ſhall be the Double of the 


- Greater or Leſſer Segment on either Side of the Perpendicular. 


E7 


WE Example... - 1: 
In the former Triangle A B C, the Sam of the Sides AB and 


XII. AC, is 54, and their Difference is 14; which multiplied together, 


produce 756; which divided by the Side B C 42, the Quotient is 
18; Which added to the Size B C 42, gives 60; the half where- 
of 39. is the Greater Segment of the Side BC; or the Quotient 
18, ſubſtracted from the Side B C, leaves 24; the half whereof 
x2, is the Leſſer Segment B D, where the Perpendicular is to fall. 


By Logarithms, | 
To the Sum of the Logarithms of the Sum and Difference of 


the Sides- containing the Ang/e from whence the: Perpendicular is 


to fall, ſubſtract the Lagarithm of the Side upon which it is to 
fall. The Remainder ſhall be the Lagarit hm of a Number; which 
added to, or ſubſtracted from the Sie on which the Perpendicu- 
far is to fall, ſhall be the Double of the Greater of Lefjer Seg- 
ments of the Side on which the Perpendicular is to fall. 


Example. 


= 
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| | Example.” = | y 
The Sum of A Band A C is 54 1877323937 
The Difference of A B and A C is 14 1.461281 
n Their Sum 424.8785218 
The Lagarithm of the third Side B C 42, ſubſttact 1.623 2493 
| Remains 1.25 52727 


Which is the Logarithm of 18. Which 18 added to B C az, 
makes 60; the halt whereof 30, is the Greater Segment C D, 
or 18 ſubſtracted from B C 4.2, leaves 24; the halt whereof 12, 
is the Leſſer Segment B D. | 


. For the Length of the Perpendicular. 
| RULE. | 


- Multiply the Sum of A B and BD 32, by the Difference of A B 
and B D, 8; the Product will be 256, whoſe Square Root is 16; 
for the Length of the Perpendicular A ). | 
| © By Logarithms. 


Half the Sum of the Logarithms of 32 and 8, the Sum and 
Difference of A B and B D is the Logarithm of the Perpendicular. 


The Logar.of the Sum of A B and BD 3z, 1.50515 
The Lagar. of the Diſſerence of A B and A D 8. _ 090309 
Their Sum 28.40824 


The half 1.20412 


5 4 
Which is Lægarithm of 16, the Length of the Perpendicular AD. 
F., Eo 


The Baſe BA (or longeſt Side) of a Plain Triangle BA D, being: 
47.8 P. and a Perpendicular D C, iet fall ſrom the Angle. oppo- 
fite to that Side 17.33 P. being given; To find the Area of 

- that Triangle. 


o the Logarithm of half the given Side, add the Lene He. 
of the N the Sum of thoſe Logarithms. thall be XXXIX. 


the Logarichm of the Area of that Triangle. _— 


The: 


— 


| The Baſe B A, is 479.8. — 


The Logarithm of 414.2 | 2.6171965 
Which is the ea of the Triangle. STD; | 
After the ſame manner, if the Baſe of a Triangle were 42, and 

the Perpendicular 16, the Area will be found to be 336. 


-PROB. VI. \ 


Fes There is an Oblique-angled Plain Triangle A B C, ane of whoſe An- 
gles at the Baſe B CA 53.48 d. And the Sum of the Two Sides 
Baſe CB, is longer than the longer ſide A C, by 16.8. The re- 
ſpectiue Sides and Angles of the Triangle are required. 


CONSTRUCTION: 


Fig. XL. D= a Right Line BC, at Liberty, for the Baſe; and upon 


one end thereof, at B, make an Angle ABC, to contain 
53.84 d. Then the Sum of the Two S:des A B and A C being 
together 120, break it into any Two equal or unequal Parts, as 
into 43.2 and 76.8, then (by the Propoſition) mult the Baſe B C, 
be 93.6, which is _ than A C by 16.8.—So in the Ob/:gue- 
angled Triangle ABC, you have given, (1.) The Side AB 43.2. 
(2.) The Side A C 76.8. (3) The Angle oppoſite thereto, A B C 

. .$3d. 50 m. by which you may find the Angle A CB. For, 


As AC 76.8: Is to ABC 5384 d. 
S0 is AB 43.2 ; TO A CB 27.020. 


PRO B. VIII. 
Of the Menſuration of the Area of a Spherical Triangle. 


Lemma I. The Lunary Super ficies of the Hemiſphericks, are 47 the 
Angles of the ſame Super fictes. | 1 


be this: | 
Let the Meridian Semricircle A E D be gibt to be equally 
moved over the Longitude of the Eguator B E C, upon the Poles 
A and D. Therefore the Angles on the other fide of A and D 


(to 


Tr Proofof this nns (amongſt many other Ways) may 


Tube half Baſe e 23.9 — 5 L37839 8 
The Perpendicular D C 1733 Log —1.2387 886 


18 to the Baſe B C, viz. A B and A C, # 129, and tbe 
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(to wit, F and G) ſhall. be as the Times. The Superficies alſo, Eig. XLI 
and M, ſhall be as the Times; therefore F ſhall be to G, as | 
the Superficies K, to the Superficies M. And G-unto. M, as the 
Superficies M, to the Superficies K, Cc. howſoever they can be 
taken. For, * k | F 


Thoſe Things thut agree to @ Third, 
Agree among themſerves. : 


Therefore, by Compoſition, 


As FTG: G:: K 
Or, As FTG: F:: R 


That is, 


As the Two Right Angles are unto G, 

So is half the Spherical Super ficies; to M. ; 
And, As Two Right Angles, are to F; | Ss 
So is half the Spherical Superficies, to K. 


Lemma II. The Triangle G, is equal to the Triangle H, becauſe Fig 
the Angles and Sides of one, are equal to the Angles and Sides 
of: the other: To wit, A = Dj; B = E, C'= F. Alſo, 
LO, M =P, N= Q. Therefore they. are Congruoxs 
and Equal, N | | | 


THEOREM 


The Exceſs of the Three Angles, over and above Two Right An- 
gles, divided by 720, ſhews what the Area of the Triangle, is, in 
reſpeit of the whole Spherick. = 
| :Cx80': A: : 2 Spb. 
For by Lemma I. S 180: B:: + Sph.: GTS 
180: C:: 4 ph.: Gt T= HTT. 
5 (by the Second Lemma.) | 
Therefore, As 180: A+ B'ÞC :-:. half the Spherick : to 
3.GÞRES#+T, (by 24 EL. 5 Ev.) | | 
As 180: ATB T C- 180 :: 438 
2. So half the Spherick : 3 GT RAS + T—half the Sph;- 
But G RS T I is equal to half the Spherick; | 


GTR 


here fore, 


CY 
=. 


Janua Mathematica. 


Fe. Therefore, 3 G d R + 8 T — half the Sph. = 2 G. 


XII 


- 


| Fig. 
XIIII. 


So that, As 180: K BIC - 180 :: 
:: So is half the Spherick : to 2 G. | 


And the Antecedent Terms being Quadropled, it ſhall be. 


As 520 : ATB +C— 180. : :.2 Sphericks : 2 G. 
And ſo the Spherick ro G. Therefore, 


2 0 
whole Spherick. 


Theſe Things are likewiſe true in all Spherical Polygons, of what 
Ordinate Figure ſoever they be or In-0rd:note, ſo all the An- 
gles be given. And the Reaſon is, becauſe all Polygons may be 


| ABÞC— 180 [ ſhews what part the Triangle | is of the 


\reſolved into Triang/es. Therefore, this Rule {hall hold in 


theſe Multangles alſo. 
7 RULE. 


| Multiply 180 d. by the Number of the Angles 4 ſubdu& the 
Product out of the Aggregate of all the Angles increaſed by 360d. 
The Reſidue divided by 7 20 d. gives the Area of the Polygon. 


of the Completion of a Solid Body. 


From the foregoing Menſuration of the Area of a Spherical Tri. 


angle, this Fruit ariſeth. a 
If the Radius of the Sphere be 100000.00, the Side of an in- 


ſcribed Icoſacdrum ſhall be 105 146.22, equal to the Subtenſe of 


63 deg. 26 min. 10 ſec. Therefore the P/ain Equilateral Triangle 
FE O (in the Ico/aedrum) anſwers to the Equilateral Spherical 


Triangle in the Sphere; whoſe Three Sphengga Triangles are con- 


netted in the Plain Angles, in the ſame Points, FE, E, O. 


And the Sides of this Spherical Triangle are ſeparately taken 
Sz deg. 26 min. 10 ſec. to wit, becauſe their Subtenſes F E, EO, 


OF, in the Plain Triangle, are equal to one another. | 

Let fall now the Perpendicular E P, the Spherical! Triangle 
EP O ſhall be ReQangled; where, over and above the Right 
Angle at P. are given, E O and PO, equal to half EO; where- 


fore the Vertical Angle PE O ſhall be 36 deg. juſt, and the 
whole Angle at E, 72 deg. And the Sum of the Three equal An. 


gles, E, F, O, ſhall be 216 deg. from whence taking Two Rig he 


Angles, 


RJ 


of Problems Extraordinary. 


' Angles, equal to 180 Deg. there remains 36 Dag. Therefore, 


105 | 


the Triam EF O is of the whole 5 Fe. 
the Ian r e Whole Spheric Ska XI fi. 


Part: And this moſt truly, for 20 Pylamides F B 
vered over with 20 Triangular Plain Baſes,) compleat the 
whole Spherick. 4 
FEOC is One of the 20 Pyramids in the Ieoſaedrum : 
The Plain N B, is One of the He 750 is the 
ibes it. 


Center of the Body, or Sphere, that circum 
LR) - mn 1 2s will appear 
.24 Dodecaedres ill a Solid Place, as will a | 
+= out of Precedent Practice by Triangles, 


9.244. Odtaedres 
8.00 Cubes n oi Wh pu, FH 

That is to fay, None of the Five Regular Bodies fill à Solid 

Place, the Cube only excepted. n 

| » Contrary to what Poramon, and from him Ramur, and all 


dat have followed Ramur; to wit, Snellizs, and 
have delivered. e Bak n others, 
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{5 — th ence 9 "54 — — 


dend Trigonometry, e 
Performed. 3 


1 . 8 the Sid of. of Pl Afy angles ate Three Rigbr 7 in. 
| * V. ter ſecting er upon a Plain And a Night Line is, 

i \ The Shorte Here between any Two Pointe upon a Plain Su. 
_.\ * perficies : Soſthe Sidet of a a ys Ry are Three Arches, 


of Wii each other 
| — e 77 7 1 an 7 1 Circle, paſſing 


"Urank any Two Pointe 5 on A Si 0 Merſeier, is the neat- 
Ta ſh Diſtance between, thoſe'T wo Pa: | 
— (1 of the Work 10 7 is, haptor. intended, 1 ſuppoſe 
# 72 "the Reader 475 be acquainted With che Cireles of the 8. ＋ that 
| N 2 to Know their Names and Situationt upon the Globe, to what 
a 9 each them ſerveth; and alſo, hom to project any of them 
l 45 bY. 3 vpon a Pla \ anfiverable to any Poſition ot the Globe: For to 
5. . — ſuch as do not, this Section will be hut of little Uſe , and thete- 
| >=...” fore] would adviſe my Reader, before he enter upon this Geome- 
trical Way of reſolving Spherical Triangles, to pay the Begin- 
_ » nings of the Second and T hird Sefions of the Third Part — 
which treat of the Circles of the Sphere, and their ſeveral Poi 
| tions and Affections . in vhich he may receive” very much Satisfa- 
TC tion concerning thoſe — 15 that! ir ſhall ſuffice, in this 
/ i that I declare, = 4A 
. What a Great Cirele s. [ N 
23 How to Projed ſuch a Grle of the Sphere upon a Plain, 
ſuitable to an — e Time of the Da, at any time of the 
Fe: Fear, and in — 
| 155 To diſcover the the Tring, "Which i is made by the Interſection 
Mz her Circles fo 
f e Poles of wolte C Greles: And, 
5 the Sides-and Angles of the Triangle ſo laid 
3 12 Wbich to-do, W ufually called, The Ta of the 
. — N= — fon of Triangles, eg. — I. What 
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Whole Sphere into Two qual Parts or Hemiſpheres ; Ot which, 
there are generally accounted Six, vis. | 


Other Greleg, which are Great Circles alſo. As are all Azimuth. 
or Vertical Circles. © Alſo all intermed igte Meridians or Home (ir. 

cler. And theſe are ſuch as we have moſt occaſion to make uſe 
of in this Place: And here note, That all Great Circles projected 


Je Circles (as the outward or Primitive Circle. is. Or, (2) Semi- 


| P 23 Deg. 30 Min. take 23 Deg. N and ſet them from | F 
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ein eee e oh on 
A Great Cirele of the Sphere is ſuch a Circle, as divideth the X11V. 


| Meridian Aquinoctial T , "YE 

The 4 Horizon. . 0 The Solftitial [ Game, | 
Aquinoctial ( Ecliptick. Wr 

Beſides theſe Six Principal Great Circles of the Sphere there are 


upon a Plain, Steriographically (or Circular, are either, (1) Per- 


Great Circles, projected within the Primitive Circle. Or, (3) 
They are Streight Lines, paſſing through the Centre of the Primi- 
tive Circle, as afterwards will appear. © © © ind 
II. How 70 Project the Circles of the Sphere pon a Plain, ang 
ſwerable to a Prefixed Time and Place. ek. A OPER F 
- PROBLEM... | 
T ET it be required to Projettſuch Circles of the Sphere in Plano, 
| upon the Plain of the Meridian, in the Latitude North, 
Deg. Upon the roth of June, at the time of the Sun's Ri- 
* or Setting; and alſo at 10 in the Morning, ox 2 in the A/ 
ternoon, the ſame Day: The Sun then having 23 Deg. 30 Min. 
of North Declination. IH r 
Firft, With 60 Deg. of a Scale of Chordi, upon the Point A, 
deſcribe the Primitive Circle Z H N O, repreſenting the Meridi- 


an of the Place. | 


Secondly, Draw the Right Line H A O for the Horizon of the 
Place; and at Right Angles thereto the Line Z A N, for the - 
quinottial Colure, Z being the Zenith, and N the Nadir Points. 


_ ». Thardhy, Take 40 Deg: (the Latitude given) out of your Scale | - 
of Chords, and ſet them from O to P, from Z to , from H to 8, 9 
and from N to &; and draw the Line P A S for the Avi of the —_— 


World, and Howr-Circle of Six; and the Line A e, for the 


uinactial. | KOT 
urthiy, Becauſe the Sun's Declination at the time given is 


to , and from & to : nn from or e 
| | : DEM 


ro 


* 
— — ——— 
% —ñ — 
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the Circle P © 


* FR wen us 
©, anna Mathematica. ' 
to S, it will croſs the -Ax/s of the World P AS, in che Point F; 
ſo have you Three Points, Ss F S, through which you may draw 
the Circle F; which will cut the Horizon HA O, in the 
Point ©, the Place where the Sun will riſe that Day. xy. be 
Fiſtbly, This Point O being found, you have Three other 
Points given, viz, P, © and S; through which you may deſcribe 
8. which is the Hour at which the Sun Rv ſet h. 
And thus have you Proſecteu, fo far of the Problem, as 
concerns the Tice of the Sun Riſing. Now for his 
„Flace of being at Ten in the Morning, or Two in the. 

Afternoon. 7 

Sixthiy, Ten in the Morning, or Two in the Afternoon, are 


(either of them) Two Hours, or 30 Deg. diſtant from the 


and ſet them upon the Meridian, from 


Meridian: Wherefore, take 30 Deg. war fas Scale of Chords, 
to G, then a Ruler 
laid from P to G, will croſs rhe Fquinoal! Circle A e, 


in the Point B. ſo have you Three Points, 8, B and P, b 


Sun will be ar Ten in the 


which you may Project the Circle 8 B-P, for the Hour: Circle 
of Ten in the Morning, or Two in the Afternoon: And the 
Circle S BP, will cut the Tropick of Cancer ® A (the Line 
which the Sun traces that Deen the Point C; in which Point the 
ning, or at Two in the Afternoon. 

Semen hiy, And now have you Three other Points, N. C 
through which. you may draw the Azimuth Circle 


2 CN, for ghe Azimaih, that the Sun will be upon at Ten and 
Jo a Clock. ir | 15 | 


UI. Concerning the Spherical Triangles that are made by the Irrer. 


Sefton of 1 eſe Great Circles the Projet. 


Many are the Triangles, that ate made by the Interſed ions of 
theſe few Cireles upon this Projection, but I ſhall exempliñe on- 


ty in Two of them; namely, the Triangle P © O, Right angled 


Suns Ri that Day, equal to 66 Deg. 30 Min, the Com. 


at O, which is compoſed ot Three Arches of Great Circles of 
the Sphere, viz. (1) Ot © O, an Arch of the © Horizon, com- 
prehended between O, the North Point of the Horizon, 
and the Point in te Horizon, whereon the Sun R1/erb 
that Day, or his Amplitude from the North. (2.) Of F ©, 
an Arch of a Meridian or Hour-Circle, paſſing through P, 
the North Pole of the Wald; and ©, the Place ot the 


plemen t 
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_ plement of the Sun's Declination that Day. And, (3.) Of PO, Fig. 
an Arch of the Meridian of the Place, comprehended between XL i 

O, the North Point of the Horizon, and P, the North Pole, equal 

to the Latitude given, 40 Dep. 12 KA: 
The other Tnangle ſhall be the 0b/igue-ang/ed Triangle Z CP, 
conſtituted by the Inter ſection of Three other Great Circles of 
the Sphere; namely, Of (1.) Z P, an Arch of the Meridian of 
the Place, comprehended between Z. the Zenith, and P, the 
North Pole, equal to 50 Deg. the Complement of the Latitude - 
of the Place. (2.) Of P C, an Arch of a. Meridian, or Hour- 
Gircle of Ten or Two a Clock, equal to 66 Dege 30 Min. 
the Complement of the Sun's Declination; or, the Sun's Di. 
Nance from the elevated Pole P. And (3) Of 2 C. an Arch of 
an Azimuth or Vertical Circle, paſſing through the Haur- Circle 
8 CF, in the Point P, where the Sun is at Ten or Twoa Clock, 
that Day, and is the Complement of the Sant Altitude at that 


IV. To find the Poles of theſe Great Circles, they being. thus + 
Projets. | | | 
The Pale of any Great Circle of the N is, always, o. Deg. 
diſtant in all Places, from the fame Circle, upon a Right Line, 
or Circle, which cuts it at Right Angles: So, 
1. The Pole of the General Meridian, or Primitive Circle 
Z HN O, is A, the Center thereof, in all Places diſtant 


go Deg. 
2. The Poles of the Horizon HO, are Z and N, the Zenith - 
and Nadir Points. | | TOS ITS 
3. The Poles of the Æquinoctial E e, are P and 8, the Polls 
of the World. | 
4. The Poles of the Æguinocfial Colure, or Axis of the World 
PS, are Kand e. | | | 
5. The Poles of the Prime Vertical Circle, or Azimuth of Eaſt. | 
and Ve, Z AN, are H and O, the North and Sauth Points ; 
of the Horizon. MH : 2 
And thus you ſee, that all Great Circles of the Sphere, which, 
when Projelled, become Strait Lines, their Poles fall all in the 
Pengferie of the Primitive (Circle: But for all other Great Circles, 
which conſiſt of Circular Arches, as P O8, PB S, and Z DN, the 


Poles of them Fall within the Primitive Circle Z H N O, upon 
thoſe Great Circles, which cut them at Right Angles : 53, * 


r * * * w mo 2 | - — a oe . * ** e — 
— — — = a 6 6 
— 0 | - 1 * - 
a \ \ : q 
\ ” f : = : 
N b = - w 0 0 
ww * * 
_— To Jus Mathematica. ' © 
” 


"Big... I The Pule of the 3 ©5 will be upon mas 1 

; N 5 Grear Circle. 2 PN N As $ bone Zo. | 

Which Pointe or Poles may be thus Sid. | a 2 

1. For the Pole of the Hour. Circle ? G8, lay a Ruler 8 

om P to Q, it will cut the Primitive Circle in a, ſet 90 

"Deg. of your Chords, from à to h; a Ruler laid from P bs 

5, will cut the ZEquinoitial Girele in R, lo is R the Pole of 
the Circle P O QS. 

2. For the Pole of the Hour-Cirele PB 8, a Ruler from 

P to B, it will cut the Primitive Circle in 2 ſet 90 Deg. 

from G toc, a Ruler laid from Pto r, will cut the Ægui- 

nottial in T 2 is T the Pole of the Hour. Circle of 10 


and 2, vis. PB 
3. For the Pole of the Azimuth, or Vertical Irele Z DN, 
25 lay a Ruler from Z to D, it will cut the Primitive Circle 


in d, ſet o Deg. from d to e, a Ruler laid from Z to e, 
will cut the Horizon H A O in V, fo is V the Pole of the 
Azimuth Circle Z DN. 
And in this manner may the Pole of any Great Circle be found. 
For the Centers of them, they always fall in the ſame te, Line, 


| in which their Po/es are, they being extended, if Need 
= no more of this in this Place: For I intend not here a Bange 


of 1 but of the Meaſuring of Triangles, to which 1 
now pr 

—_ 'V. How to Meaſure the Sides and e 8 berical Triangles 
4% 5 they being this Projected. of Sp gs, | 
Fou muſt underſtand, That the Quantities of the Sides and 


Angles of Spherical Triangles are meaſured u 8 the Periferie of 
the Primitive Circle. ä 


Then, 
1. In the Right. angled Spherical Triangle PG bt. an- 
_ -gledat O, there is given, (1.) The 2 Fo 40 


Deg. equal to the Latitude given by the Propoſition. 
(2) The Hyporenuſe P ©, the Complement of fot Sur's 


to find the * O, whoſe Meaſure is the Gur's 


Amplitude. 


* 


Lay 


Declination, 66 Deg. 30 Min. And let it be required to 


we 


© 


| +> Lay a Ruler to Z, the Pole of the Horizon, and to the A- 


Of Geometrical: Trigonometry. 


, Fig. | 
gular Point ©, it will cut the Primitive Circle in the Point + XII. — 
Hd | 7 


' fo the Diſtance from F to O, meafiired upon the Seale of *Chor 


will be found 10 contain 58 Deg. 38 Min. and that is the 


Quantity of the Side, & O; and is the Amplitude of the Sun's 


of the Horizon. 


Ning or Setting from the Norh Part of the ' Horizon at O; 
and us Complement, 31 Deg. 22 Min. is the Quantity of the 
Arch A ©, the Sun's Amplitude from A, the Eaſt and Weſ? Poiats - 


* The Canon for Calculation iu, 
Wet PO : Radius:: csP@ : cs © 0. 
50d. : god. : : 23 d. 30m. : 31 d. zam. 

2. By the ſame Things given to find the Angle at the Per- 
pendicular © P O, whoſe: Meaſure is. the Arch of the Zqui-- 
notlial . or the Hour from Midnight. | ACL, C 

Lay 2 RAlleF to P, the Pole of the World, and# it will cut. 

the Primitive Circle in a, and the Diſtance 2 & meaſùred upon the 
Scale of Chords, will be found to be 68 Deg.. 36 Min. And. 
that is the Quantity of the Ang/e © P O: Which 58 Deg. 36 
Min. converted into Tine, (by allowing 15 Deg. of the Ægui- 
noctial for One Hour, and & for One Minute of Time) makes 
- 4 Hours, and 34 Min. hich is the Hour from Midnight, or- 
the Time of the Suns Ri/ing in the Morning: Whoſe Comple- 
ment to 12 Hours, is 7 Hours, 26 Min: the Time of the Sar's - 


Setting 7 | 
WES The Canon for Calculation 18, 


As. Radius: 7. PO :: . : 7 4 SP O. 
90 d. .. 49d. 23 d. zom. 21d. 24 . 


3. By the ſame Things Given, to find the Angle at the Baſe . 


P OO; whoſe Meaſure is an Areb of a Great Grele inter- 


27 2 Oo the Howr-Gircle-P ©'S, and the Horizon - 

© 0. ö 

Foraſmuch as the Sides O P, and © O, of the Triangle 

P ©©, are lefs than Quadrant, we muſt meaſure the Angle 

28 by the Age H © 8, which is equal to it. To perform 
which, Ne | 

Lay a Ruler to R, (the Pole of the Hown*Circle PQ) and ©; 

the Angular Point; and it. will cut the :Primnne. Circle. in b; 


den ſer, 90 Deg. from h to: A Ruler laid from the- Pole R, to - 


e * * a, 
/ * f 


—— 
= 


1 — N . 
* 
p = 
LES * o 


=”. oe 


Eg. 
IN. 


©. Janua Malbematien. 
, Will cut the Hour-GireleP QS in &: Then lay a Ruler from 


© to R, it will cut the Primitive Circle in (, the Diſtance 
from / to H, meaſured upon the Scale of Chords, will be found 
to contain 44 Deg. 30 Min. for the Quantity of the Arg/e 


H S, which is equal to the Azg/e P © O required: And 


this is the Angle of the Sun's Poſition, (in reſpeCt of the Pole P, 


"and North Fart of the Horizon O,) at the Time of his R 


or Setting. * 


| The Canon for Calculation is 
As . POS: Radius :: 5. PO : 280. 
-  66d.3om. : sod. : 40 d. : 44d. zom. 
And thus are all the Sides and Angles of the Right-an- 


2 gled Spherical Triangle F © O- meaſured: And the like may 


done in any other Kight-ang/ed Triangle; of which, in this 


"Scheme there are many. : 


noon. Which, to perform, 


VI. And now for the Oblique-angled Spherical Triangle Z C P. 
In this Triangle there is given, (1.) The Side Z P, 50 


equal to the oo of the Laruude given. (2. 15e 
CP, 66 Deg. 33 eq 


ual to the Complement of the Sun's 
Derlination given. And, (3.) The Angle Z P C, 30 the 


Harary Diſtance of the Sun from the South Part of the Meri- 


dian; namely, at Ten or Two of the Clock. And from theſe 
ogy oo. Aa arts uired to find the third Side Z C, 
the Complement of the Sun, Altitude at the Time of the 
Queſtion, vis. at Ten in the Morning, or at Two in the After - 


Lay a Ruler to V, the Pole of the Azimuth Circle Z D N, 


and to the Angular Point 2 will cut the Primitive Circle in 


and the Diftance from Z. to m, by the Scale of Chords, will 


m, 
be found to 30 Deg. 7 Min. whoſe Complement D C, 59 | 
o 


Deg. 53 Min. is the Sun's Altitude at Ten or Two 
1 f | 


2. 20 
_ (2) A5. 


d. m. 40d. ::; 69d.26m.: *. 


Cock, that Day. 
De Canons for Caleulation im 
(I.) ASer. PZ : Radius :: , P: PA 
: 40d. - : god. :: 60d. : 45d 56m. 
- Which ſubftrafted from P C, 66 d. 30 m. there remains 
A : fc. ZE: : cs. Rem. : cs. ZC. 


D Geometrical" Trigonometry. 
J find the Angle ZC Pp. 


This is the Auge of the Sun's Paſition at the time of the 
Lueſtion, with Reference to the Pale and Zenub; and may be 
thus found. p 

In * the Two Sides C Z and C P, comprehending the 
enquired Angle Z CP, are both of them leſs than Quadrantr, 
we muſt make uſe of the alternate and oppoſite Ange S CN, 
which is equal to Z CP. And; whoſe Meaſure is the Arch 
of a Great Circle intercepted between the Meridian or Hour- 
Circle S CP, and the | Azimuth-Circle Z C N, at 90 Deg. Di- 
ſtance from rhe Angular Point C: And to find the Quantity 
hereoh fem 44050 2 K 
Lay à Ruler to V, the Poe of the Circle 2 CDN, and the 

Point C, ir will cut the Primitive Circle in m, ſet 90 5 
from , and id will teach ton: f Ruler laid from V to 2, WI 
croſs” the Circle Z D N in the Point X. — Again, Lay à Ru- 
ler from T, the Pale of the Circle P B 8, to C, the Angu- 
lar Point, and it will cut the Prinmive Circle in o, ſet 90 


Fig. © 
XLIV. 


from o to p: Then a Ruler laid from T to p, will croſs the Circle | 


PBS, in the Point Y. —Laftly, A Ruler laid from C, to 
X and X, will cut the Primitive Circle in rand 5s, fo the 
Diſtance between 7 and £, meaſured upon the Scale of Chords, 


YC which is equal to the Age Z C enquired. And 
is the Angle of the Sun's Poſition at the time of the Bueſtion. 


I) be Canon for Calculation. : 
ee: C: EF. eee 
30 d. 7 m.: 30 dl. 50 d. : 49d. 46 m. 


will give 49 Deg. 46 Min. for the 3 of the Ange 


To find" the Vertical Angle CZ P. 


This Angle is the Sun's Azimuth from the North Patt of 
the Meridian Z O N, whoſe Meaſure is the Arch of the 
Horizon DA O; and to find the Quantity of it, lay a Ru- 
ler from Z, the Pole of the Horizon, to D, it will cut the 
Primitive“ Circle in d; ſo the Quiaeity of the Arch 4 N O, 
meaſiired upon rhe Scale of Chords, will; be found to be 113 
Deg. 57 Min. And ſuch is the Sun's Azimurh from the Norrh 
Part of the Meridian: The Arch 4 H, 66 Deg. 3 Min. is the 
Sun's Azimuth from the South; and the Arch d N, 23 Deg. 
57 Min. is the Sun's A2/muib from the Eaft and Weſt. 
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Tbe Sine of be Middle Part, aud vb nene, are Ki ; 
: -procaly Þ | Col Res the Tangen of the Extream 
and. with the Q\ "Comes of the Bae 
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= ; If the Extream be Conjunt, the Proportion mult be performed 


x, td by. Sinet and Tas Wy D 
= FL eren be Di | oP, | may be getfdrmed by "xd 
JJ i oa wt rh en eee Et | 
If the Part Sought (whether Side or Angle) _— to be the 
| Middle Part, then the Rudin muſt be the Erft (or leading) 
Jie in the Proportion. — But. 
Ixone of the HBxrrram (whether 'Conjunt? or Ditjunſt) poſſeſs 
1 the Midale Part, then the other Exirezm maſt be the Firſt 
Term in the Proportion. b 7 
j „ - > 5 * 
IA Bis Inftrument. was the. Coutrivance (many Years fince) of 
1 the, Right Worſhipful Sir -Cher/es Scarboraw; M. D. and 
divers of them have been made in S:/ver and Braſt about 
Bigneß of a Crown Prece, with Ver/es in Latin abour the Rimb, 
fot the better bringing the Rules to be obſerved, in the Uſe 
of it, to Memory, which: were to the ſame Effect with thoſe. 
which I have even now laid down in Engliſh, - 
The Inftraments *conlifts of Two Parts, the undermqaſt is a 
round Piece; divided ig 'Frve Equal Parts, which reprefem the 
' Five Orcular © Parrs before ſpoken of, it hath TWO Circular 
_: Margins, near the outer Edge thereof; in One of the Five. 
Parts is engraren Middle Part, and under it the Word Sine. 
n either Side of Midule Part, there is Written or en- 
ggtaven Extream Conjuntt,” and under them, the Word Tan- 
_ gent, In the Two other of the Five Diviſions; which are 
oppofite to Mrddle Part, are engtaven Exrream” Disjunt!, 
and under them, Co fine. All which Words anſwer y to 
the Words of the Univer/a/ Propoſitions And this is all that is 
- upon the Under Plate of che Iaftrum nn. 
The Upper Plate of the Irftrument i A Citcle alſo, divided 
into Five Equal Parts às the former, and within that another 
Osoncentrick Ci between which are a 
- the Centre thereof. — Within the innermoſt” of theſe Circles, 
there is deſcribed a Rright-ang/ed Spherical - Triangle, the Five 
| Circular Parts whereof do lye are againſt the Five Lines, 
drawn from the Centre between the Two Circles: And upon 
thoſe Three Lines which lye againſt the Hypotensſe, the An- 
die at the Perpendicular, and the Angle at the Baſe, is writ- 


— 
? 


> 
I's 


- — — 


- — —Ü—6—— — 2 © HB * ) 2 — AAS 5 < 
11 


1 1 
ESYNOPSIS 


1 2 OF 7 - ' 
Sphericall Trigono 
I oY FOR. | 


etry 
III, 


As the Tangent of half the Baſe, 
Ts tothe "Ihe of ele be of 2 
So rs the Tang. of half the Difference of y Sides 
To the Tang. of half the Difference of the | 
Segments of the Baſe. - | - 
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Lines, 
from the Perpendicular, and the Baſe; there is no- 


thing written. —This Upper Plate is to move upon the Under 
Plate by a River (or ſueh like) through the Coma 5 dorh 
Plates: And fo is, your: laſiramentyfinithed, oe 1 


The Lebe Effe > 7 


HE Uſe of the Inſtrument is principally*to i you. by 


Inſpection the Oradey of the Terms ot the Pe. oportion ia 
e GH ei od eee ot RT cite gl) > 


Example. In the Triencle KBC. fappbſa! -thete are Neg 


the Fade; CApandithe: Ante at the Bals B, to! 0 the 
ogy at the Petpendicular f! Het wo 

2 ere it is evident, that the Angle at the Baſe B. i'ths Mid. 
2 dle Fart: Turm the Rundle about till you bring the Angie arthe 


Baſe againſt Middle Fart: Then thall you find that the Ferpen- 


dieuler & A, and the Angle ar the Perpendicular C, will tand 
againſt Extreams Dis und, which tells you, that C A and C, 
are Extreams Dis junlt: Aud now (che Rundle thus relting ) 
you ſee that One of the Extreams,' as C is ſought; therefore, 


the other Extream G A muſt de che firſt Term in the Propor. > 


tion, againſt which you find Ce. Io A 087 


As the Co-fine of the Ferpenlicular A GY 
Is to the Radius: 


So is che Middle Part the Angle at the Bote B. b which - 


ſtands Sine and ber ws that is (Y ne B.) 
To the Angle at the Perpendicular C, againſt which ſtands Co. 


ſine and Complement ; that is Sine; Tor, Coſi me een | 


N is the Sine it ſelf. 


And ſo the Proportion in ſhort is dhis: N 
OY ae n 1 wy wen. 9 A 


A d 0 NUTR EIA e piles "ke CB,” 
ang ea 4 A 


and. the Angle at the . the Bale. 

It is evident that B A is the Middle Part, Being BA againſt 
the Midd!e' Part, then "will CB and C ſtand againſt Extreams 
 Dajund: And ( becauſe the. Middle Hart) BAS. qught, the 


4 


Radics” mult be the Erft Texm in the Pro ion, and the Two 
Extreams the e ny "Third, a againſt both which hands 


Gp: Cofrne, ("which is Sine); and againſt B A the Middle | 


Fig. 
XLVI. 


Wks os Mubheniatic 
95 PT 3 1 , 


Part u there fund, e 15 EIN your Proportion 


KY 4 * * W \ - * ns) 4 3 ri "> * * 3 
F * 9 * = * 
"+ . . 


N 
* 


& 1 1 8 the 80 wa; we, cular o Ar 
3 e Fen, 63 Lene ts; 
1 OILERS To the Sine af che Baſe 

_ _— A Third "BIA 


.. "lh this Triangle A B C, let there be given the Perpendicular 
XI VII. C A, and the Arg/c at the, Baſe B, 10 find the Baſe. B A. | 
3 It is here evident that A Bis the Middle Part: Turn the Tri- 
angle about till che Baſe A B lye againſt the Middle Part; then 
will che Perpendicular, C A, and the Angle at the Baſe B, lye 
ainſt the Extreamt Con n; and ſreing the | Middle Part is 
(ought, the Radius therefore muſt be the nt Term in the Pro- 
portion: And becauſe. the Extreamt are Dijunt, the Proportion 
will be in Sines and Tangente jointly. as ORIG II * | 
pears: And the Proportion will be 
As: the. Radius; | ea 
Is to the ae the ba esdiee c A: FLO; 
So is the Tangent Com W 9 By 
To the Sine of the Baſe * : 
But if the ame Thin wy give — 1 At 10 ha 
Perpendicular, had been required, then B had been the 
Male Fart, and C A and B, the Extreams / Pater It 
And the Proportion in — A of — 


As the Co. ſine of C 2 8 ee, 
ö 10 Radius: Wi heh rr er CY ts WIC) | 
80 is the Co- ſine of B. #1: 1 Wan G 
To Co- ſine Compe: (that is, to Sine) of C. 5 


And thus, hoe, Inſtrument, may. the: 1 for the 
Solution of any 75 bt-an led Spherical Tri angle be readily 
ſet down, and the Tiang e reſolved in any of the XVI. 15 


On the Back ide of this Inſttument, there, is; Be l- 
vance of the 9 ot! entlemar* Ss, With Latin Ver 5 or 
bringing the Rules for, K 80 d Oiler e . 
Tree: to ar ee 8 X 

Mill not ive you any ceount of ir mo an. the 
Fizwre, and the Tt Nan 1 . oY 2 Na 
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Of the Solution of Spherical Triangles, by 
"PLANISPHERE. 


A Planiſpbhere, is a Projeftion of the Sphere (or Globe) in 
Plano: Of which, there are principally Two; One called Fiz. . 3} 
jan nh print projected by Circles ; The other Orthographical, XLVII. 
projected by Ellipſes, and generally known by the Name of 
GT A ne Prader, thire belcuks pröpe 
o either of which Plan/pheres, there belo oper Indexes, 
to move upon the Centres of the Pin eres. A the Ste- 
reographical, an Index having Two Legs as a Sefor ; both which 
are to be divided, according to the Tangents of half Arks, as 
the Semidiametre of the P/ari/pbere it ſelf is divided, and muſt 
be numbred by 10, 20, 30, Cc. to 90 Deg. both Ways, and 
on both Legs. | TS 
To the Aualemma, or Orthographical Projection, there muſt be 
an Index of the whole Length of the Diametre thereof, to move 7 
about upon the Centre of the Projection, which muſt be divided 7 
as the Diametre of the Plani ſpbere is; namely, as à Scale of Na- | 
tural Sines, and muſt be numbred both Ways, from the Cen- 
tre, by 10, 20, 30, &c. to 90 Deg, Upon this Index, (by help 
of a Groove made through the former Index) another Index” is 
to be made to move upon, and with, the former, and always 
keeping at Right Ang/es with it: And this Index is to be divi- - 
ded as a Scale of Sines, as one half of the other; and fo 
numbred, by 10, 20, 30, Cc. to go, both Ways: And this ſe- 
cond Index (in the Uſe of this Planiſphere) I-ſhall call the 
| Curſor. And thus much for the Deſcriptions. | | 
oncerning their Uſe, I ſhall only lay down ſuch Genera! 
' - Rules as are neceflary for the counting of the Quantities of 
the Sides and Angles of Spherical Triangles upon the ſeveral 
Plamiſpheres and their Indexes; in Al. Caſes, both of Right 
and Oblique Triangles. Not infiſting upon particular Examples, 
for that throughout all this Book there are ſuch Variety. All 
which (by theſe few Genera! Rules here delivered). may be 
wrought upon either of theſe Two ProjeQons. | 
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The Solution of Spherical Triangles, by the: 
S.tereographical Projetion.. - 


| I. Of Right-angled Spherical Triangles. _ A: 
1. TO retain the Method before obſerved: in the 16 . of 
Rrigbt-angled Spherical Triangles; I will here alſo fol- 
low the ſame Order, wherein 1 ſhall note the Triangle to be 
reſolved by the Letters A B C, ſetting. A at the Right Angle, 
and B and C at the other Two Acute Angler. So ſhall the 
Baſe be A B; The Catbetzs, (or Perpendicular.) C A; The 
Hypotenuſe B C. —The Angle at the Boſe B; and the Angle at 

the Catbetis C. | N | 
2. There are therefore, beſides the Right Angle; Eive Grey. 
lar Parts; namely, Three Sides, and Two — Of which, 
Four come into the Account at once; Two, of them are given, 

and the other Two found out. | | 

3 115 the Four Parts, which at once come into the Account, be 
the Three Sides, and One Angle. — Let that Acute Angle be ever- 
TAP es with the Letter B; and the Triangle may be reſol- 

thus : | 4 | | | 

Set the Angle B at the Centre, reckoning it upon the Limb- 
from the Diameter; and the Baſe B A upon the Diameter from 
the Centre; and the Cathetzs. C A upon the Great Circles 
from the Diameter, by help of the Parallels; and the Hypotenuſ. 
B C upon the Index from the Centre. — Vote, That if any of 
thoſe Accounts, fall not juſt upon ſome Line in the Inſtrument, 
either of the Great Circles. or Parallele, the Exceſs is to be 
eſtimated in Minutes or Parts of a Degree, * 

Example. The Perpendicular C A, and the Angle at the Baſe. 

B, given; To find, (1.) The Baſe BA. (z.] TheHypote-- 
mus CB. (30 The Angle at the Cathetus C. 

1. Reckon on the Limb, from the Diameter, the Quantity of 
the given Angle B; and to the End thereof, ſer either of the 
Legs of the Index. "v4 . | 
2. Upon the Limb, from the Diameter, reckon the Catbhetas 
CA; and from the end of that Arch, eſtimate reaſonably, a 
Parallel Circle, till it meet with the Index : For that Point of 
Interſection ſhall ſhew both the Hyporenu/e B C, upon the In- 
dex: And the = B A, upon the Great Circle, meeting alſo 


in that Point, —Then, to find the Angle at C: Take C A for 
| the 


_ SY * p 


Inſtrumental Trigonometry. 
C A for the Cathetws, and to the end of that 


0 
che Baſe, 
for C, upon the Linb. | 

3. Otherwiſe, you may ſet the Ang/e B at the Pole, rec- 
koned upon the Diameter from the Linb; and B A upon the 
Limb from the Pole; and C A upon the Index from the Limb , 
and B C upon a Great Crrele from the Pole. 

4. But if the Four Parts which at once come-into the Ac- 
count, be the Two Obligue Angles, C and B, and the Two Right 
Sides C A and B A, then the Triangle may be reſolved thus. 

1. Reckon the Leſſer Angle on the Index from the Centre, 
and the Greater Angle on a Great Circle from the Pole: So 
both of theſe, with the Axis, ſhall include a Quadranta Tri. 
angle And the Greater Right Side ſhall be on the Limb 

the Pole: And the Leſſer Right Side ſhall be upon the 
Diameter from the Centre. 


«Cathetis apply the Index; fo ſhall you have the Ae ſought RL 
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Laſtly, Two of the Four Parts being had, there will be no Dif- 


ficulty in finding out of the Hypotenuſe. 
IT. Of Oblique-angled Spherical Triangles. 


1. In an Oblique-angled Spherical Triangle B C D, Five of 


the Circular Parts come into the Account at once; namely, 
One Side B D; and the Two Obligue Angles B and D, and the 
Two other Sides D C and BC: The third Ang/e C, oppoſite 
to B D, is not here enquired, but only the Place of the Angu- 
lar Point C, both for D-C and BC. 

In the firſt of the Three Schemes, the inner Angle D is 06- 
tuſe, and B Acute: In the ſecond the inner Angle D is Acute, 


are Acute. 


N my DA. * N 
* - 3 <LI * 
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and B Obruſe : In the third, both the inner Ang/es D and 3 


"2. The Side B D, is evermore underſtood to be Given: And 


in every Operation, the firſt thing to be done, is to open the 
Lege of Index to the Wideneſs of B D, and thereto _ ſcrew 
them faſt: AlſoT call the Two Legt of the Index, the Le 
or Index B, and the Leg or Index D, as they are noted wi 

- thoſe Letters. 


The Angles D and B, of every Triangle propoſed, are fec- 


koned upon the Diameter from the Limb, by the Great Cir- 
cler; namely, the Angle B, and the Conjunt of the Angle D, 
from , but the Angle D, and the Conjunt of the Angle B, 
from : And the Sides DC __ C, are to be reckoned of 
* . 2 — 


— 


+ Lf 
* 


1 
9 


„Jau Mathematica," | 
Hie. the Parallels, namely, the Sides themſelves; from the Pol, 
* Aitk, or their Complements and Exceſſes, from the Diameter. N 

WNW Note, That of a Triangle, the Cnjund Angle, or the Outer 
» 851 Angle, is all one. A ne T eee 5 
=_ 4. Two'Sides of an Oblique-angled Spherical Triangle, where: 

? f one is B D, with the Angle intercepted, being given: To 
=. 5 find out, at one Work, the Third Side; and the other Angle 
at B r 7 
6 There are theſe Two Varieties 


1 D C and D/, CBC and R 
Given, 8 „te find ont at wa; 
8 BC and g | D C and D. 85 


5. The Rule. If the Angles. D and B, be reckoned. in the 
Upper Semicircle of the Planiſphere, at the Pole N, and the 
Angle D be Obtaſe, or B Acute; the Point C ſhall be taken 
| | in the former Semicircle towards S : Bat, if the Angle D be 
3 Acute, and B Obtuſe, the Point C ſhall be taken in the /arrer 
= Semicircle towards ; and contrariwife, for the lower Pole S. 
Eben, upon the Diameter, count the Angle given, D or B, 
-_ __ - Either by jt ſelf or by its Conjuntt, according as was taught 
in Seck, 3: And from the end of that reckoning, imagine an 
| Arch of a Great Circle aptly traced, until it meet with the 
4 Parallel of the Complement of the reſpective Side given. 
D (Cor BC, for that Point of Concurrence ſhall be the Point C., 
3 for the given Side, either D C or B C. Tothis Point C, thus 
Found, apply the Index noted with the proper Letter of the 
N. 25 given, Dor B; and mark the Difance of it from the 
Centre; for this Diftance being exactly taken on the other 
; | Index, ſhall in the Planiſphere give the true Place of the 
- Point ſought : Which being aptly eſtimated, will, upon the 
, Diameter, ſhew the Angle ſought ; either -B, or the Conjunct D, 
from ; or elſe, the Conjupct of B, or the Auge D, from 
w. And, it will alſo ſhew upon the Limb, the Complement of 
the Side ſought. * | | . 
By what hath been before ſhewed, (that the Point C, both 
of <A Sides DCand B C, are evermore equally diſtant from 
the Centre,) there is opened a Way, whereby Any Iwo of Five 
Circular Parts; together with the Side D B, being given, the © 


arber Two may be found at one Operation. 
2 "1; WI 1 0 J . £ o 
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| Ulerein are Four Varieties. Fg. | 
(DnB) (Dan B. XI Kl | 
Given, . Be to find out 9 


— 


| and B * 814 £30 G DC and B C. 
le RULE. | * 
In the Upper Semicircle of the Planiſpbere, if the Angle D 


be Obtuſe : if the Side D C be much Leſſer than BC, © . a 
the Point C ſhall be taken in the former Quadrant towards : | 
But, if D be Acute, ot DC much Greater than B C; the 
Point C ſhall be taken in the /arter Quadrant towards W. And, 
contrariwiſe, in the Under Semicircle. - Hnd .in both, if the An- _ 
gles D and B be Acute, or if the Sides DC and B C, differ 
dut little in length, the true Point fought, ſhall fall near the 
Axis, towards W. within. a Space, equal to the 1y4ex opened at 
the Wideneſß of B'D./ © 1-4 ts gion cody O00 
Set, therefore, the Index thus opened; ſo that the Two Points- 
C, may fall within it. And among the Great Circles and Pa- 
rallels, or both (according as Reaſon ſhall dire&) reckon the 
Two Circular Parts given, tracing them proportionally, with a 
Pin in each Hand, until they ſhall both exactly meet with 
their proper Legs of the Index. at an equal Diſtance from the 
Centre, and as near to it as poſſibly may be: So have you up- 
on the N nb the true Places of both the Points C; and 
thereby, the Two Circular Parts fought, reſpeCtively, to each 
Point C; both of D C, and B C. 
And note farther, That if any Point C, falleth, either among 
the Parallels, near the Diameter; or among the Great Circles, 
near the Limb; "where they be almoſt! equidiſtant, there may 
be ſome Uncertainty. in finding the true Points exactly: The 
remedy ing whereof requiteth the more Diligence in the Compu- 
ter; but this may be remedied, . by reducing the Oblique Trians 
gle into Two Right. angles. 
Other Inconveniencies may ariſe in the Uſe of this, as in alt. 
other Inſtrumental Operations; for. the remedying whereof, 
as opi imus Magiſter. a | oY 
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© Be. The tee, of Spherical Triangles, by the Orchographi- | 


TY * 


og 7 


— 


cal Projection, or Analemma. 
I. Of Right: angled Spherical Triangles. 


% ws Hypotenuſe is, always, repreſented upon the Index. 


2. The Right Angle, at the Section of any Meridian, 


and the ee | 


3. One Leg in the Meridian, and the other in the Æpuino- 
4 One Angle only entering the Queſtion, is repreſented at 


deute Cenuee, between the Æguinaclial and the Index, and is num: 


bered in the Limb. 


F. But the Two Ang/es entering the Queſtion, you muſt turn the 


Caſe into an Angle, and its oppoſite Leg. For in the Tria gle 
AB C, whoſe Right Angle is A; the other Two Angle ABC, 
and A C B, both entering the Queſtion, you muſt lengthen 


tte Hypotenuſe to a full Quadrant to E; as alſo, the Legs ad- 


jacent to that Extremity of the Hypotenuſe, from which it was 
„Thus in the Scheme, the Leg A C, adjacent to C, 


from which Extremity the ee was | ened : And 


ſo, in the Triangle C D E, Right-angled at E: The Angle 
DCE is equal the Ag, B CA; and the Leg DE, equal to 
he Complement of the other Angle C BA. | 


II. Of Oblique-angled Spherical Triangles. * 


. 1. Three Sides being given; To find an Angle oppoſite to any 


| Sides. 


_ of them. 1 5 
Reckon the Greateſi Leg from the Pole upon the Limb, and 
where it endeth, apply the Index; upon the Index reckon, from the 


Limb, the Boſe; (that is, the S:de oppoſite to the Angle ſought:) 
And to the Point of the Index, where this Ba/e endeth; appl 


(or bring to) the Curſar: Then look where the Curſor cutteth 
the Parallel of the Leſſer Leg, to be reckoned from the Pole, 
and obſerve what Meridian paſſeth by this Section of the Cur- 


for and Parallel; for, where this Meridian cutteth the gui. 


noltial, there you have the Meaſure of the Angle ſought; to 
be accounted from thence to the Limb. f | 


af 2. Three Angles given, to find a Side. 
Tum the Angles into Sides, and deal with them, as with the 


„ ie * 
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3. The Parts Given and Sought; being altagether Oppoſite. Eg. L. 
Reckon the Greater of the Two firft Terms upon the I. 

dex, and where this Number endeth upon the Index ; apply 

mat Point to the leſſer of the ſaid Two firſt Terms ; which: 

Parallel is to be reckoned” from the'/EquanotZiz! ; then order the 

Terme, reckoning the Fit and Third both upon the Index; 

or both upon the Parallel; and fo likewiſe do with the Se- 
cond. and Fourth Terms. re 

4. Two Sides, with an Angle between. them Given: To find 
the Third Side. — * | 15 

Reckon the Greater Side given, from the Pole upon the 
Limb; and to the end of it, apply the Index. Reckon the other 
Side Given upon the Parallels,” ide Pole : And the A- 

ge given, upon the Fguinoftial, from the Limb, and theMe- 
ridian it comes to, purſue till it comes to the Parallel of the 
Leſſer Leg : And to this Section of the ſaid Meridian and P- ; 
rallel, apply the Curſor, ſo it may Juſtly lye on the Index ; 8 

and mark what Point of the Index it out: For, this | 

Point of the Index, counted from the Limb; is the Third Side 

uired. And after the Third Side is found, you may find 
7 er of the Two unknown Angles, by the Rule for Oppoſite- 
arts. 5 1 * * = 
» Two Sides, and an Angle oppoſite to the Leſſer: of them, 
gy Tb find the Third Side: | FS ah "ws 
Reckon the Difference of the given Sides, and the Sum of 
them (one and the ſame Way) from the Po/ e; and mark the 
Points where both of them do end. Count alſd, the Angle 
given, upon the Æguinoſtial from the Limb, and mark what 
ridian it cometh to. Then extending a ſtrait Line (or ap- 

_ plying a ſtrait Ruler) between the Two Points marked in the 
Limb it will cut the ſaid Meridian in Two Places: So you 
are to obſerve the Parallels, where the ſtrait Line (or Ruler) 
cutteth the ſaid Meridian; for, theſe being reckoned from the 
Pole, will give you the Quantity of the Third Side required : 

For, this fame Third Side, may be of a Twofold Quantity 

The Loſer it is, when the Angle oppoſite to the Greater given 
Side is Obtiſe; and the Greater it is, when the ſaid Angle 
(oppolite to the Greater given Side) is Acute. "I 
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Given; To find the third Side, BON a 4 
Reckon the Difference of the giyen Side, from the Pole, one 
way; and the Sum of the ſame, the other way. Count alſo, 
the given Angle upon the Eguinofiial : And extend the ſtrait 
Line (or lay a Rulet) cutting the Meridian, as in the laſt; for 
no it will cut but once; and ſo the Third Side will admit 
only of one fingle Anſwer. | LT AMY Boe 


/ The End ef the Second Part. 
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Any are the Ways by which Plain and Spherical Triangles © 
_: M may be both Geomerrically and Inſtrumentally performed: 
AI As by Scales of Natural Si nes, Tangente, Secants, and 6 
Paris, by Protraction: Alſo, by Scales of Artificial Numbers, 
Sines, Tangente, and Verſed Sines, as Mr. Gunter long time 
ſince contrived them, to be uſed with Compaſſes: And I have 
now lately contrived an Inſtrument, which I call I RIS SO- 
TE TRAS, which printed on a wy Sheet of Paper, and 
- paſted upon a Board, #/! Triangles, both Plain and Spherical, 


may be Reſolved by ISIS, without Pen, Compaſſes, + cd " 


Fornts, or other Moveable; fave only the Extenſion of a Ihren 
or thin Streigbt Ruler, upon the Inſtrument ; the Deſcription | 
Uſe whereof I may hereafter publiſh by it ſelf. But, the beſt and 
moſt abſolute Way of Re/o/ving Triang/cs ; and to what Uſes 
ſoever they be applied, is by the Canont of Artificial Sines, Tan- 
gents and Laguriihmt; both Decimal and Sexaginary : And fuch 
2 Canon was intended to be Joined to this Book, at this time; 
but muſt be referred till farther Opportunity, which may be 
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The Doctrine of PLAIN and SPHERICAL) 
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ANL EMATICA 


| Trigonomeita Practica ] 
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P A RT "TE 


WHEREIN 


TRIANGLES is applied to Practice: In 


Longimetria, S Heights, 
Geomet Ty. pant te chere - Planometria, 5 Dillnces Fes 
Grodacia, ( — 


1 Steriometria, & Solids. 
Geographical Diſtances of Places on | 


L Land or Sea. 
5 
ee 8 
2 Motion of the Sun, 
Aſtronomical. C and Fixed Stars. 


1 anhi1a - By Calculation: Aſter a 
Seiqprap hia f }o{Dialling, "x Method, 


NC. | The Plain 7 
Navigation : Or Sailing by 5 Mercators Chart. | 
* 4 2d | Middle Laritude. 
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By William Leybourn, Philomathemat. 
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GEOMETRY. 


Js Sgfion of GEOMETRY, I'ſhall treat caly of 


: * 
' - 


ſuch Pradlical Parts thereof, as the Doctrine of Plain 
(or Right-lined) Triangles, (both for their W 2 and 


Demonſtration ) becomes ſubſervient: As, 


I. M 4 LTIMET RIA By which the lat of an Obied W240 
(acceſſible or inaccetſible) may be obtained ; As * owers, - 4 


Steeples, Trees, &cr. * 
II. In LONGIMETRIA4: By which the Diſtance of one 
Object from any Place, or of many 0 70 one from another, 
( whether lens laid or -in-approachable)- may be known, 
their true Poſitions laid down, and a Map made of them. a 


III. In pLANOMETR TA: By which all Kinds of Su | 


Ter (Regular or 7 Irregular ) as Plains, Land,” e. may 
Hared. | ' {1 


i A 


R CHAP. 


— pod PTY K 
* 
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P CH A P. 6 * * 
* 
— 


Ancilla Mathematica. hy. 


— 


Of ALTIMETRHA F 


1 bf lite tid I beebib [DIAS 


| 55 A C to be a Tower, Steep/e, or other u oright Objet 


and you ſtanding at B, were required to tell the Height 
thereof. Firſt, Meaſure the Diſtance from B, to the Foot of the 


Obje 


a ic A pid. Wa abe. Feet fs e * 


the Objef at C, where we will ſuppoſe the Degrees found by the 


 Inflrument to be 32:25. deg. —By this 0b PR, the Diſtance 


aſured, and the Objed?, you have a Right-angled Triangle con- 


| ſtituted; in which, there is Given, (I.) A B the Diſtance Meaſu- 


As 3 Tangent 45 d. 
K A B. 4 
So is the Tan. of the Angle obſerved by 


red 432. 5 Foot. (2. The Angle at B, obſerved by your Inſtru- 


ment, 32.25 deg. And, (3.) The Rizbr Angle at A: To find the 
15 5 which will derbe Height of theObjett : ( By CASE Il. 
of P, T;) thus: 
Is to the Diſtance 1 "we = 
nſtrument at B, 5 d. 
To the Height of the ell CA, 272.89 Feet. * 
And thus having found the Height of the Object to be 272 80 F. | 
you may find the gt of the Viſual Line e is the ee 
renuſe) CB. (by C CAS E V. of R, AP, 7.0 2 


As. the Sine of he Angle: Obſerved, B, 32:25 Ui | 
Is to the Altitude of the Objed, 272.89 Foot; 


| So i is the Radi us, Sine godeg. 


Eg. II. 


| Fothe-Leogeb of the Viſual Line c B, 511.39 Foot. 
1 Fa 11. Of, an Altitude Li- acceſſible. Io 


of] 


Suppoſe DE to be an ObjetT, as Steeple, Toter, or the like : 
And that you ſtanding at G, were: required: to. know the Height; 


thereof; bur. (by reaſon of ſome broad Moat, or other Impedi- 


can, ſunpaſe to F, 95. 25, F. —Thep making Obſervarials at 85 


ment, you cannot come to meaſure from G to E. In this Hake 


— Firſt meaſure from G, towards E, as far as conveniently yo 


your | 


— 


Ly 


# % N | . * * % — * 8 Y $ ! ” hk d - 
2 n i 
- - 4 
= = * = 
e Altimetria.! 
- 7 * 2 = p 


jou find the Degrees of your Quadrant to be. £2.50 d. and Ob- 


_ ſerving at E, you find the Degrees to be 63.25. Now from this 
Diftance Mesſared, and the Two Obſervations by the Inſtrument 
made, the Aliud D E may be attained unto by Trigonomerrical 
Cocuwoting, thus: , VE FT OT TOO Bp 
Firſt, Upon a Sheet of Paper, draw a Line at Pleaſure; as H K, 
upon which aſſume a Point for the Place of your firſt ſtanding, 
as at &. and upon G, protratt the Par obſerved 5 2.50 d. draw- 
ing a Line through thoſe Degrees at Liberty. | 
"Yecondl „By help of a Scale, fer. your Meaſured Diſtance 95.25 
F. from G to F; and upon F, by'a Scale of Chards;- protract an 
Angle of 63.25 d. as you obſerved them to be; and through them 


A 
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draw another Line ar Pleaſure, which will cut the former Line 


drawn, in the Point D, which will repreſent the top of the Ohject 


to be meaſured ; and a Perpendicular let fall from D, upon the 


Ground-line H Ky will fall in the Point E, and ſo will the Line 
DE repreſent the Object it ſelf.  , 3 

Thirdly, By theſe Lines thus drawn, you will have conſtituted 
Two Triangles; one D E F, Rigbt-angled at E; and the other 


D E G, Obtuſe-angled at F; by 1 of which, the height 


of the Inarceſſible Objelt D E, will be found. For, | 

1. In the Oblique-angled Triangib D F G, you have given, the 
Side FG (which was the Meaſured Diftance) 95:25 F. and the 
obſerved Angle DG F, 52.50d. - And the Angle obſerved at-F 


being 63.25 d. the Complement thereof to 180 d. vis, 316.75 d. 


is the Quantity of the Obtaſe Angle D F G, fo haye you in the 
Oblique- angled Triangle DF G, Two Ang/es given; the Sum of 
Which, vis. 169.25 d. taken from 180 d. there remains 10.75 d. 
For the Angle FDG: And now in the Triangle DF G you have 
given Two Angler F D G, and DGF, with the Side F G, op- 
1 FDG; whereby, you may find the S/ e D F, (by Ax. 
1.) For;- | | i 


As the Sine of E D G, 1075 d. | 
ls to the Side F G, 9525 ot. To 
So is the Sine of F.G D, 52.50d.. | 

TotheSideD E, 405. 14. IT Ts 
2; In the Right angled Triangle D E F, (havin 
tenuſe as betore) SES given, (I.) The 0 | 
4 63.25 d. (2.) uſe; laſt found, DF 405,14 Foot; 


e Hypoten 
y which you may find DE. the Heigh of the O5jeft; (by. Co gy 
« 5 8 


FR, 2; F, I.) thus: 


5 found the Hy- * 
ſerded Angle at 


e eee, e 

8 . „ 
15 ro the Fh polen EDT, wax] . 1 | 69 

$0 & the Sine of e ie ered F 1 
* the 9 525 Foot: * is the Height of the 


[bn leafs kind he al | 
tire fem Na the Viſu Line GD, 


As the Sine of the Angle at G, 52.50 d. 

Is to the . ht of 20 Object DE, 361.75 my * 1 
80 is Radius, ine 90% 

To the Lengtho the Viſual Line DG 456.00 F. 


And alſo, the Diſtance E F, (by Ciſe Il. of R, A, P, 70 W 


As the Sine of the Angle obſerved at F. 63.25 d. 
Is to the Height of the O 195 DF, 361. 77 F. 
So is the Co-/ine of the Angie at E, 63.75 d. 
© To the Diſtance E F, 182.35 Foot, 


| Unto which, if you add the Diſtance F G, 95.25 Foot, their 
Fam will be 277.6 hae And 5575 is the whole Diſtance 
ſtom G 10 E, the Foo the Objet, 


It of. the Altitude q an ObjeRt ſtanding upon a Hill, Un-ecceſfble 


. 1 Suppoſe M Oto be ſuch an Object; and you ſtanding at L. were 
_ * 2 </ tell the Heigbi dero. of Ws, 
irſt, Upon Paper, or the like, draw a Right line at Pleaſure, 
45 QR= and therein, aſſume any Point, at Pleaſure, for the Place 
of your ſanding, as L; where, wich your Inſtrument directed to 
the top of the Ohject, you find the Degrees cut, to be 40.52 d. and 
directed to the bottom of the Obje at O, the Degrees cut, to be 
22.25 d. Wherefore upon L, protract an Angle of 40.52 d. and 
draw a Line L, hat Pleaſute: And alſo an Angle of 22.25 d. 
and draw the Line L cat Pleaſure. 
Secondly, Go forwards, in a Right- line towards the Ohler, 
ſome conſiderable Diſtance, as to N, 212.5 Foot; and there, by 
your luſtrument directed tothe top of the Object at M, you find — 
Degtees cut, to be 61:82 d, through which diaw à. Line at Plea- 
ſure, as N, croſſing the Line L 5 in the Foint M, which is the 
Ne the ea From whine: a Perpendicutur, let fall öpan the 


6. | l Ground. 


— 


9 Ann 9 
5 __— 


Ground line Q R. au M P, g Line ſhall a FH 10 Ub 


tude, of the Object, and the Hill together. 


Now, by the Inter ſections of theſe Four Viſua/ Lines, L M. ö 


L O, NM, and N O, There are confused Pee Ng e 


| angles, viz. LMP, and NO p, bech Rightiangled at F And 


L MN, and N MO, Oe By o reſdlving of when, 
from the mo Meaſured Ts and rhe fveral Age, obſerved, 
at L and the required. 4/t/ fe be obtained. Fot, 5 
I. Iu the ney led Triangle L. MN, therg is Swen, 
(1.) The Ang g 4 (2.) The Angle L N. M, 
118.18 d. (it being the Complement of the A ON Þ 51.824. 
to 180 d.) (3.) The Sid Meafured I. 2712 5 Foot: And 
having the Ang/es at IL. and N, the Sum of chem 10 70 & taken 


| from 180 d. there will remain 21,30 d. for the Auge L M N. 


— 5 * 
No - 
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From which Things given, the Two other I M of Men, 2 


may be found, by Axiom II. . 


As the Sine of IL. M N, 21.30 d. IE * n 

Is to the Side L N, 212.5 Foot; — " 1 5. OT 

So is the Sine of M-L-N, 402 d. n 
Jo the Side MN, 380.08 Foot: N Keys 


And ſo is the Sine of 61.82 d. (the Complentent EN 15 


0 22 
To the Side L M. 515. 68 «i # 


In the Rizght-angled Triangle N M p. thete is — (x) The- 
Hyporenuſe M N, 380.08 Foote + (2) The 4zg/z M NP, 61829.” 


hereby you may ' find NP, Oy Ge | IV. 1 R, A, F, 1. * fans 


As the Radius, Sine Mat 

Is to abe een XN, WS * 
So is the Sine of the Age, MN P, er F 
To the Side MP, 335.03 Foot: | Py” 


©4s 


Which is the HejghAbf the Oil * the Hill gether, 


And ſo is the Co-/ine of MN P, vis. NM P, 28. 18 d. * 
To to Leg. or Side NP, 179.4 49 Foot. 7 


To which, if you add the meaſured Diſtance I. N, 21295, this VI. 


Sum will be 391.54, for the whole Length L PE Then, 
In the Triangle LO P, (Right-angled at P) you- have given, 


09 he Side L P. 391. 54 Foot. 09 The 4ng/e OL P, 22.25 d. 
whereby: 


* * ö — * 
— 1 * 
| . . 0 + #4 


* 


£ 4 * 
— * 1) Backs KIN 2 - 


* * age 
3 —v 


A 1 - 
Py - 
4 ” * 1 
—_ t 
" 2 
* 
2 % 


WRT fc T r ir * 


* 
* P &/» . : * 11 ' 
watd "45. ere 0 - , WP 
* 4 " 


=”: ite, aged, 
IIs to the Side LF; 391:54 


2 P TI (a | 
So is the Tangent of the Angle OL k, 22.25 d. 4 ; V 7 
Io the Height of the Hi OP, 160. 18 Foot. | 
Which ſubſtrafted from 'M P (the whole Height) 335.93, 
- theſe remains 175.75 Foot, for the A/tirudey of the Objet 
IV. How the Altitude of the Sun May be taken, by the Shadow 
a Staff, or other Object, of a known Length. 
3 2% Fes. IV. Upon A B, being a level Plain, let there be erected a ſtreight 
4 * Staff, or the like, of any Length, ſuppoſe 60.00 Inches, or 5 
| Foot) as C D; and the San ſhining, ſuppoſe it caſts the Shadow 
= thereof upon the plain Ground to E; which meaſured, ſuppoſe to 
3 contain 108 Inches, or 9 Fot. 1 
—_:- Draw a Line at Pleaſure, as AB; upon any Point thereof, as 
D, ere& a Perpendicu/ar, upon which ſet 60 Inches, the length 
ol your Staff, from D to C; and the length of the Shadow there- 
of 108 Inches, from D to E; drawing the Line of Umbrago C E, 
| and thus have you conſtituted\aRight-ang/ed Plain Triangle CDE, 
Þ in which there is given, (1.) Th Leg. C D. so Inches. (2) The 
_ - Leg. DE 108 Inches, by wien eu may find the Angie CE D, 
(by Caſe I. of R, A, S, T.) s tr 6 Vit 


r 1 
IX the Length of the Shadow CD 108. oo Inches, 
1 Is to the Radius, Tang. 45 . | 
1 So is the Length of the Sraff C D, 60.00 Inches, 
© To the Tangent of the C E D, 29.05 d. 
And ſuch is the Sung Altitude at that time. 


V. How 2be Height of an Acceſſible Object may be obtained, 

, "by the Length abe Shadow of it. 

| E; v. - Suppoſe that the Sun ſhould- caſt the Shadow of ſome uptight 
e Obel, as F G, 84.5 Foot, from G to L, and at the ſame time, 


your Staff of 5 Foot, does caſt its Shadow from L. to K, 6.32 Foot: 
And from hence I would compute the Altitude of the Objet? 6 G. 


b . | | ** it 
5 The 
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Of Longimetria, - 147 
The Two Lines of the 05jeZF G, and Staff H L, together with Fig. V. 
the Two Lines of Shadow, G L and L K, being laid down, do con- 
ſtitute Two Right- angled Plain Triangles, viz. FG L, and HL R, 
Eguiangled, and their Sides Parallel, and therefore Proportional: 
(by Theorem VIII. Lib. 1.) And therefore, | | 


As the Length of the Shade of the Sraff LK, 6 32 Foot, 
Is to the Height of the Sraff H L, 5.00 Foot; 
So is the Length of the Shadoto of the Objelt & L 84.5 Foot, 
\ To the AHitude of the Object FG, 66.93 Foot. 


A 
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_ Of LONGIMETRIA. 


I. How (ſtanding ufon an Object of « Bi Height ) to find the 
Diane from thence, to — other remote Objett. | 


Uppoſe CA to be the Side of a Fort or Bu/wark 22.5 Foot hi 7” 
8 aud being upon the Plat ſorm at C, you ſee a Tree, or oo * 
Object at B, whoſe Diſtance you would know, from the Foot of 
the Wall at A. «A, | 

The Lines AB and A C being drawn, and the Height of the 
Wall 22.5 Foot, fer from-A to C, where by your Inftrument di- 

. refed to B, you find the Degrees cut to be 51.25, which Ang/e la 
down, ſo have you the Ryghr-angled Triangle C A B, in whic 
there is given, (1.) C A, the Height of the Wall 22.5 Foot. 

(2.) The Ang/e obſerved at C, Len py which you may 
A, l 


/ 


find the Diſtance A B, (by Caſel..o „I.) thus: 


As Radius, Tangent 45 Deg. _ | " 
To C à, the Height of the Wall 22.5 Foot; 5 ö 
So is the Tangent of A CB, the Angle obſerved, 71.25 Deg. 
To the Diſtance A B, 66.28 Foot. 1 


And if you would find the Length of the Viſual Line CB, 
you may (by Cæſe V. of R, A, P, I,) thus: 
As the Sine of the Auge obſerved at C, 71.25 Deg-. 
ls to the Diſtance B A, 66.28 Foot; 1255 
80 is the Radius, Sine 90 Deg. 
To the Viſual Line C B, 69.98 Foot. 9 
5 5 B b II. 14 


0 * * 
bs x6. 5d 77 


. To rakes Diſtance, (Acch/fible or In-acceffibls) at Two Sta- 


ions. 


Ng. Vil; Being in a Held at E, there is a Wind mil} (or other Objef) in 
| another Field at F, (ſeparated by a River or other Impediment) 

- whoſe Diſtance is required, | 

In any other Part of rhe Flu, remote from E, cauſe a Mark to 
be ſet up, as at D; and meaſure the Diſtance between E and D, 
which let be 115.00 Foot. —Then by your Inſtrument at E, find 
the Quantity of the Angle F E D, which fuppoſe to be 106.50 
Deg. And going from E to D, make Obſervation of the A4rg/c 
FBR. which ſuppoſe to be 57.10 Deg. 

By theſe TWO. Angles, and the Megſured Diſtance, you have 
conſtituted an Obigue Triangle D E F, in which there is given, 
(1.) The Meaſured. Diſtance E D, 115.09 Foor. (2.) The Two 
Angles at D and E, 106.50 Deg. and 57.10 Deg. And, (3.) The 
Angle at E, (tbe Complements. of the other TWO to 180 Deg.) 

16.40 Deg. Whereby. you. may find the Sides E F and DF, (by. 
Axiom. II.) thus: | - | 


As the Sine of the Angle at F, 16.40 Deg. 
Is to the Meaſured. Diftance D E, 115.00 Foot; 
D So is the Sine of the Angle at B 57.10 Deg. 
| To the Diftance.E E, 341.98 Foot. 


And ſo is the Angle at E, 106. 50 Deg, (er 73.50.) 
To the Diſtance D F, 250.54 Deg. 


HI. If there were Three. (or more) Ships on the Sea, and you be · 
ing upon the Land, dæſire to know bow far thoſe Ships are from 
you; and alſo, how fer they. are diſtant aue from the other. 


Ee. VIII. ET the Three Ships be A,B, C; and you being upon the 
WET L Shoar at M, are required to tell how fat thoſe Ships are from 
| you, and allo, how far from each other. 

Firſt, Being at M, make choice of ſome other. Place upon the 

Shoar, at ſome conſiderable Diſtance, as at Q.130.00 Fathom. 
Secondly,” Being at M, obſerve the Quantity of the Angle AMO, 
which we will ſuppoſe. to contain 104. 50 Deg. and then remo- 
* ving to O, and obſerving the Auge, M-O-A,. you find. it to be. 
3 37.82 Deg. through which Degrees, Lines being drawn from M 
' - nd O, will croſs each other in A, which is the Place of the firft 
Ship, which, with the Line of Diſtance N O, will. m—_ the 
i | a ue 
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Obligue- angled Triangle A M O: In which there is given, (i.) The 
Side M O 130.00 Fathom. (2.) The Ae, A M O, 104.50 
Deg. And, (3) The Angle AO M., 37.82 Deg. And having 
Two Angles given, you have the third alfo given, viz. MA O, 

37.68 Deg. whereby you may find the other Two Sides MA 


and OA (by Axiom II.) thus: 


As the Sine of M A- O, 37.68 Deg. 
Is to the Side M O, 130.00 Fathom: 
So is the Sine of A OM, 37.82 Deg. | 
To e A, 130,41 Farhom, the Diſtance of the Ship at 
A, from M: | 
And ſo is the Sine of AM O, 104.50 (or 75.50 Deg.) 7 
To the Side O A, 205.91 Fathom, the Diltance ot the Ship at 
A, from O. _ : 


| Again, 
Obſerving from M and O, to B, you found the Angle B M O Eg. VIII. 
to contain 65.50 Deg. and M O B 68.00 Deg. wherefore, if upon 
M and O, you lay down thoſe Angles, you ſhall have another 
Oblique-angled Triangle MB Q: In which you will have given 
as in the former, (1.) The Ang/e BM O, 65.50 Deg. (2.) BO 
M 68.00 Deg. And conſequently, M B O, 46.50 Deg. together 
with the meaſured Diſtance M O '130 Fathom, by which you 
may find the other Two Sides MB and O B, by Axiom II. as in 
the former. For, 0 


As the Sine of MB O, 46.50 Degrees, 
. Is to MO 27775 N i 
ois to the Sine o , 65.50 Degrees, 
To the Side B O, 163.08 Fathom: | | 
And ſo is the Sine of the Angle B OM 68.00 Degrees, | 
To the Side B N, 165.18 Fathom. - 


* 


| - Laſtly, | MW) 0 

Obſerving again from M and O, to C, you find the A CMO 
to be 11.75 Deg. and MO C 132.75 Deg. the which Angler laid 
down, you have a third 0b/1que-angled Triangle CM O, wherein <4 
there is given, as before, all the ee Angles, and One Side, | 
MO, whereby you may find the other Two,” MC and OC 
by Axiom II.) as in the former. 12 8 
So will M C be 164.39 Fathom, and OC 45.62 Fathom. 

. B b 2 1 And 


* 
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Ancilla Mathematica. * 
Fag. VII. And thus have you the Diſtances of all the Ships, from the Tro 


| | places, M and O, on the Shoar. 8 
= Now for their Diſtances one from another: 
And Firſt, For the Diſtance A B. ; | 

In the 0b/zgue Triangle A B M, there is given, the Sides. A M 
130.41 Fathom, and BM 168.18 Fathom, and the Angle contained 
by them, A M B 39.co Deg. whereby the third Side AB may be 
found, (By Caſe II. of O, A, P, T,) thus: 5 1 


As the Sum of the Sides, A M and B M, 296.59 Fathom, 
Is to the Difference of thoſe Sides, 35.77 Fathom: i 
So is the Tangentof half the Angles at A and B, 70.50 Deg. 
To the Tangentof half the Difference of thoſe Angles, 18.81 Deg, 


Which added to. 70.5 2 Deg. gives 89.3 1 Deg. for the greater 
Angle B A M; andfubſiratted therefrom, leaves 5 1.69. 
Deg. tor the leſſer Angle A B M. 


Then ſay, (By Axiom II.) 


As the Sine of the Azg/e A BM. 5 1:69 Degrees, 
Is to the Side M A, 130.41 Fathom : | 
So is the Sine of the Angle A M By 39.00 Degrees, 
To the Side A B, 104.59 P. | 2} 


And in the ſame manner may che D:/Jance from B to C, and- 
from C to A, be found. kt . * F 
According to this Method may the Diſtances of many Places. 
upon the Land, one from another be obtained, by making of 06- 
ſervation, by a Iheodolite, Semi Circle, (or other Graduated In- 
2 ) from Two Places, from whence all the other may be 
2n : An Example whereof I ſhall give, with the manner of ma- 

king the Ob/ervarions; and protratting-of- them, whereby the 
Diangles to be refolved for the Performance will be conſpicu- 
ous: And for the reſolving of them (it being altogether the fame 
with that foregoing) 1 ſhall leave to the Ingenuity of the Practi- 
tioner... hereſore, 5 | 

let ABC DE be ſeveral Places, as Churches in a Tan or 
26 Qi, or ſuch. like Objeds. 

Fe. RN. 1. Make Choice of Two ſuch- Places, from either of which, 
on may ſee. all the Places whoſe Diſſlances you require; which 
faces let be F and G, diſtant from each other 1000 Foot, more 

or leſs, + © PA W ON 
Wy 8 | | 2. Set- 


4 


_ Of Longimetria. 


the Diameter thereof, to the other Place at G. and there fix it: 
Which done, direct the Sights to the ſeveral Places, A, B, C, D 
and E, noting what Degrees of the Inſtrument are cut by the In- 
dex at every Obſervation. : WY 
3. Then removing your Inſtrument to the ſecond Place. G, direct 
the Srghts which are upon the Diameter thereof, back towards the 
Firft Place at F, where fix it: Then, turning the Index about, di- 
rect it to the ſeveral Places, A, B, C, D and E, as before; noting 
the Degrees cut by the Index. Which we will ſuppoſe to be ſuch 


as are noted in this Tab/e. 


| A | KN 
B 98. 50 / From B 64 50 
2000 ED) ge 95 (er aer 222 
| D D : 185.00. 
E E. | 252.00 


And the Diſtance from F to G 1000. 


From theſe Obſervations, to make a Plot or Map of the Situation 


of the ſeveral Places. | : 
t: Upon a Sheet of Paper, draw a Right Line, as F G, to con- 


tain 1000 Foot. of any Scale, which repreſents the Line of the 


Diſtance of the Two Places, where ycu Obſerved at F and G. 
2, Place the Center of a Protradter upon F, and the Diameter 


thereof upon the Line FG; and there holding it faſt, make Mars 


againſt the ſeveral Degrees that were cut by the Index, when the 


Sjebts were directed to the ſeveral Objects at A, B, C, c. When 


you Obſerved at F, and through thoſe Points draw Ng Enes, 
at Pleaſure; as FA, FB, FC, FD, F E. 
3. Lay the Center of the Protraffor to the Point G, and the 


Diameter thereof upon the Line FG, and there holding it faſt, 
make Marks againſt thoſe Degrees of the Protrafor, as the In- 


dex did cut upon the Inſirument, when 2 made Obſervation at 


E; and through thoſe Points, and the 
G A, GB, G C, G D, and G E, croſſing the former Lines (drawn 


from F,) in the reſpeQtive Points, A, B, C, D and E. Which 
Points will lye upon your Paper, in the ſame Paſition as the Places 
ou took notice of, were ſituate on the Ground on which they 
And being thus laid down, if you take with your Com- 
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2. Set up your Inſtrument at E, and direct the Sights on Fig. IX. 


oint G, draw Lines; as 


T | q 


_  -- Anallla Mathematica. © | 
it up- 


on ſame Scale you la % FG it wi ive 
Rs bs 1 775 Diſtance you lay the es. il aS 


Baut, their Diſtances may be more Yr and accurately attained 

Anto by Trigonometrical Calculation. Fe 

Por, in every Triangle, as in EG A, G B, FG, r b, 

and I GE, there is 10 (1 Phe Anglc A F G, -obſerved at F. 

2.) The Angle AGE, obſetved at G; and, (3.9 The Side FG, 

1 — Stationary Di) ance) included between them, to find the other 
41 ues, A F and A he * whereof commit to the In- 


Dy 430 Fn "F th way 
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34 — 41. g he Geowaricat, Sire A B C E , Se uh 8 


27.32 For. | By Logarithms. 
Hg. X. A iF: bo r * 28 o ar 3 
of 27.32˖ 1.436481 
Logar. . 27.32 I n 
. of 746.38 q 2.872962 © 
e Sopenfotal 8 Fa the 15 in Feer, 
II. Of the Parallelogram (a- vare) EF GH; , 
Bb 5 27.25 Tards, and 22 G, 6. 27 Yards. 
F Xl. _ As 1 : 27425 : 3-629 : 19.03 - fr Sun tf 
1 ef 27.25" / f res; 
2 . 
r. of 703 R 2 
— 1 | N 5 
. * os | 8 | 2 ; * p 7 . E: 9 on tl im * 


2. to Fag 


, 


vm Hage 1. 


Ar 


late MIC. 


4 
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© NI. Of the Triangle K L. M, whoſe Longeſt Side L M 2 28926 
Fole ar Ferches; and its F erpendienlay L N 160.25 3 


As P ae LM 133.63 P; LN r60.25P ; 21414 PF. Eg. Xu. 


Logar. 16025 2.204798 
Logar. 133.63 AY, © „ 
Logar. of 21414 44.330702 


IV. Of the Trapez ia (or Hęure of Four un equal Sides) OP QR 5 
The Diggonat, whereof O Q 2). 32 Perches, the Perpendicu- 
lar P S 9.53 P. and the Perpendicular R T, 21.06 P. 


As 1:20 P 13.66: : PS FERI 30.59% 417.85 Fzg. XIII. 
Logar. of half OQ 13.66 apy „14.138452 
Logar. of PS and K T, 30.59 | 1.485579 
Logar. of-417.35 Perches _ 2.62 1030 


Which is the Ae, or Content in Perehes. 


IV. Of an Irregular Plot, confiſting 7 many unequal Sides and An- 
gles: As the Figure AB CD EFG. en 


Before ſuch Irregular Figures can be meaſured, they muſt be re- Fig. XIV. 
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dueed in Triangles or Trapezig's, by drawing of Lines from An- - 


ple to Angle at the beſt Advantage, as in this, by the Lines FC 


and F C, which Two Lines divides the whole Plot into the Two - 


Trapezia's NB CF, FCD. E, and One Triangle F E G. And 


then the Baſes and No ions e being ſuch as are expreſſed in . 


the Figure, they may be meaſured,. as ib{hewed in the Two fore- 
going Sedions hereof; and according to the following Oprrationr. 


I. For the Trapezia A B CF. 


j half A C, 12.16 e 2 
Logarithm ofs B H and H F, 8.13 901009 
the Area of AB CF, $98.86 1955023 
II. For the Trapezia F CDE. 
half F D; 12.98 1. 112605 
vnn eff CL an RM. 23. ir 4.26280 
the Arca of FCD E 299.51 2 476405 
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III. For tbe Triangle F E G. 
c dbilf E F, 9.50 © 0.999723 
Logarithm of 5 G N, 5.82 4 0.764923 

| | 5 OY the Area of F EG, 5529 a 1.742646 

e CAB CF 98.88 | 
The Area of F CD E is < 299.51 

5 F E f 55.29 

The Arca of ABCDEFG 453.66 


v. Of Circle AB C D, whoſe Diameter B C ler be 14.00. 


Fig. XV. The Proportion of the Diameter of any Circle, to the Circum- 
ference thereof, is (in the leaſt Terms) as 7 to 22: But in greater 
Numbers, as 113 to 355 3 and of theſe I ſhall make uſe. 


ef I. By the Diameter, ro find the Circumference. 
As 113: 355 :: 14 Diam. 43.88 Ci. 
Logar. of 112 | = 2.053078 
Logar. of 355 2.550228 
- Logar, of 14.00 the Diameter . 1.146128 
| | | | 3.696356 
The Logar. of 43.98. the Circumference © 1.643278 


II. By the Circumference, to find the Diameter. 
AS 355 : 113 :: 43.98 Circum. : 14-00 Diam. 


Logar. of 355 2.550228 
Logar. of 113 5 28.053078 
Logar. of 43.98 Circ. 1.643278 

Ne | | 3.696356 
Logar. of 14.00, the Diam. 1.146128 
III. By 
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"Of Geodecin, 
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I. How (by any Graduated Inſtrument) to take the true Plot of 


any large Picce of Ground, as Common Field, Park, Wood, Ec. 


r IN going round about a Field to Survey it, there areTwo ways; 
for in going round about it, you muſt either go on the inſide or 
on the out ſide; and ſometimes you may be conſtrained to go ſome- 
times with, and ſometimes without. 
Let AB CD EF, be ſuch a Field to be ſurvey edand 2 phage 
1, Begin at any Angle thereof, as at A, and K. C 


your e lay the Index and 8 igbrs upon the Diameter 
thereo 


and turning it about, direct the Sighrs to B, and there 
Ce ſcrew 


tting up «fu, 


III. 9 the Dieter zo nd the Ares. "- FigXVL. 
A 113 in 4 (vis. 455 ) $7 wot 2.655138 | # -* 

Is to 355  * [ 55 2.550228 3 
So is the Diam. * 14 (vis. r 2.292256 

3 4.842484 - 
To the Logar. of 159.94, the Ares „ 2.787346 1 
IV. By the Circumference, (fr the Area. 6 "2M 
As 353 + 4 (viz. 113) ny * 28 2 4 
Is to 113 2.0530%8 ö 
So is 43.98 + 43 98, Area Squa. 4 1.643255 ® 
The ſame again - 1.643255 4 p 
33.3 88 * 
To the Logar. of the Area 153: 49 2.187300 2 
0 v. By the Diameter, zo ) find the Area | 4 * 
As 10: 8.862 :: 14 Di. : 1441: : 12.41 : 154-00 
Log. 8.862 | 0.947532 ; : 

. 14 6 1. 146128 a iF 
*Logar. 12.41 1.093660 > py 
The double of it 2.1873 20 Log. of 154 the Aura. N 

: 4 
C HAP. IV. * 
x 0 GEODCIA: Or, Land Meaſuring, ” 8 
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* 435 R . Mathematica. MY 
Eg. W it faſt ; and turn the Index about, till through the Sighes,, 
X you ſee the Auge at F; and there note what Degrees of the I2-. 


* | irument were cut by the Index, which we will ſuppoſe to be 
ES. |} 300 Deg. for the Quantity of the Exterior Angle FA B, with- 
wo» out the Field: Or, 60 Deg, for the Quantity of the Interior An. 

| 3 ele within the Field: Then meaſure the Side A E, which ſup- 

1 pole to be 41.00 Pole or Percbes, and the Side A B 30.00 Perches. 


Theſe Diſtances, with the Quantity of the Angle before obſerved 
300, or 60 Deg. ſeFdown in a Book or Paper, as you ſee in the 
| following Tab/e. W | 
"TY g. Remove your Inſtrument to B, and laying the Index upon 
| tte Drameter. turn the Iaſtrument about, till through the Szghts. 

1 you ſee the Place where the Inſtrument lait ſtood at A, and there 
_——_ ſcrew it faſt ; and turn the Index about, till, through the Sighte, you 
fee the Angle C, and note the Degrees which the Index cutteth; 

wich are here 145 Deg. for the Exterior, or 215 Deg. for the 

| Interier Angle A BC; and the Diſtance B C meaſured is 28.40 
Perches : Both which, note down as before. 8 

« © 3. Remove your Inſtrument to C, and placing the Index on the 

| Diameter, look back to B, and there ſcrew it fiſt ; and turn the Index. 
| about, till you ſee the Age at D; where the. Index cutteth 
* 270.25 Deg. for the Exterior, or 89.75 Deg. for the Interior An- 
| ge BCD, and the meaſured Diſtance CD. is 23.40 Dee. 

.. Remove hp anon to D, the Index on the Diameter, and 

lock back to C, and then ſcrew it faſt; then turn the Index about 

till by the Sights you ſee the Angle at E; the Index cutting. 263 

Deg. for the Exterior, or 97 Deg. for the Interior Angle C D E, 

the Meaſured Diſlance D E being 28.00 Perches: Which note 

down as the other. | x A 

5. Place your Inſirament at E, the Index. on the Diameter, 
n vok back to D, and then ſcrew it faſt, and turn the Iadex about 
| till through the She you ſee the Angle at F, the Index: there. 
9 cutting 220 Deg. for the Fxrerzor, or 140 Dzg. for the Interior 

- _ Anele DEF; the Meaſured Diſtance E F being 4.2.80 Perebes.. 
S. Place the Inſtrument at F, and the Index lying on the Dia- 
meter, look back to E, and then ſcrew it; and turn the Index. a 
bout, till through the Szgþrs. you ſee the Augle at A, (or the Place. 
where you fuſt placed your In/trument) where the Index cuts. 
210 eg. for the Exterior, or 150 Deg. for the Intermy Angle 
| EF A, the Meaſured Diſtance F A being 41 00 Percbes, a5 before. 
iy We. All which being noted down according to theſe OHer vat ions, and 
F Meaſured, will ſtand as in this Table. | The 
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ö 1 i * It . N 
. * A 4. 
df Geodecia 
" | FE +< 


ir 

% 
; 4 . | Exterior. | Inferior. | Perches. 
* A 300.0 | 60.00 | „Ato B-=36c0 
| ae 2 145.00 | _— The Di. 5 5 
hs... - 270.25 9.75 to 23.40 
The Angle at D -263.00 | 99158 a D to 548430 
E 220.00 | 140.00 | E to F—42.80 
E 20 00 15000 F to A—41.00 


- Theſe Ob/ervations of Sides and Angles, as they were taken in 
the Field, being noted down in a Book or Paper, as in this Table 
a Plot of the Field may be drawn upon Paper or Parchment, by 
the following Direcliont. | 


To Protraft the former Work. 


1. Upon a Sheet of 'Paper or Parchment draw a Line A B. to 
contain 30.00 Perches, of any Scale: And upon the end thereof 
A, place the Centre of a Prorratter, laying the Diameter of it up- 
on the Line A B: — Then, the Exterior Angle at A, being 
350.00 Deg. make a Mark againſt 30000 Deg. of your Protra; 
Lor; and through that Point, and the Point A, draw a Right Line, 
downwards, as A E, to contain 41.00 Perches, of the fame Scale; 


2. Apply the Centre of the Protraclor to the Point B, and the 
Diameter upon the Line A B; then againſt 145.00 Deg. (the Ar- 


gle at B) make the Mark, and through that Mark, and B, draw a 
Right Line B C, to contain 28.40 Perches. '4 1 
3. Lay the Centre of the Prorraor upon C, and the Diameter 
upon B C, and againſt 270.25 Deg. make a Mark; through which, 
and the Point C, draw the Line CD, to contain 23.40 Perches. . 
4. Apply the Centre of the Protractor to the Point D, and its 
Diameter: to the Line C D; making a Mark againſt 263.00 Deg. 


through which, and the Point D, draw the Line P E, de comain | 


28.00 Perches. 
5. Lay the Center of the Protractor upon the Point E, and its 
Diameter upon D E, and againſt 220.00 Deg. make a Mark; 


through which, and the Point E, draw a Right Line; which (if 


you have committed no former Error) will cut the Line, firſt 


drawn, in the Point F: And, by this Means, you will have upon 


your Paper, the exact Figure of your Piece of Graun: *Which 


you may caſt up, and find the Quantity thereof in Percher, (by 
the Directions of the Third Chapter hereof) which being divided 


by 160, will give the Content in Acres and odd Perches. 
| Cc 2 In 
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the reſt, as they are ſer down in the Table. 


- 


: — ö \ 


Ancilli Mathematica. 
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In this Example, we have wrought by the Exterior, (or Outward) . * 
Angler But it you would Protraf the ſame by the Interior (or 


Immard) Angles; it is done, by ſubſtracting the Exterior Angle 


from 360 Deg. and the Remainder will be the Inrerior Angle: 
So, the Axgle at A, being 300 Deg. that ſubſtracted from 360 


Deg. leaves Co Deg. for the Interior Angle at A: And ſo of all 
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CHAP v. 
"Of STEREOMETRIA: 
1 . 
Menſuration of Solids. ck) 
or 2 Of the Cube ABCDE F, whoſe Side is 5.20 Fot. 
As 1: 5420 5.20 27. 0%: 27.04 140.61 Foot. 


Logar. 5. 20 p 0.716003 | 
Logar. 5.20 © 0.716003 
Logar. 27.4 1.43 2006 
Logar. 5.20 077 1603 


Log. of 140.61 2.148009 
Equal to the Solidity of the Cube in Feet. | 

This might have been done more eaſily, for the Logar. of the 
Side 5. 20, which is 0.716903, multiplied by 3, would have pro- 
duced 2. 148009, the Lagar. of 140.61, the Solidiiy. Ms 


\ 
* 


* 


— 
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U. Of a Long Cube or Parallelipipedon, G HI K L, whoſe Side 


H, 5. 32 Foot. 


: 1.27: : 1.27 : 1.61 : 5.32 8.58 Foot. 


Log. 1.27 | . o. 103 804 | 3/8 
Log. 1.27 0.103804 8 
r 0.725911 
Log. 8.58 0.933519 
The Solid Content. | 


. HI. Of 


2 the Square at the End, K I, 2 1.27 Foot, and of its Lg 


of e 139 " 


* 


Obl Paralleli on⁰ MNOP "obs Breadth Fi RX: 4 
© 55 NO: : 3 and Depth 8 6 re and N 


Lech e, 16. 25 i 


1 3.40: 6.50 : 22,10: : 16.25 un kes oy og 


Legar. 340 0.531479 

Logar. 6.50 0.812913 | 8 
16.25 ö 1.210853 95 

Logar. 359. 12 — 2337243 The Solidiry. 


IV. Of a Py ramisSTVXN, 7 Side ire Baſe ST, e. 4 Fig.XXL 2 
1.12 Foor, and Altitude N N40 fe of * | ; 


As-1: 1.12: : : 1.12:1.25:+NX: 4.30: 6.39 the gl. Con. 


1.12 | 0.049218 
Logar.. 1.12 0.049218 
— 425 262248 
5.35 90731904 the Solid Chntenr. 


V. 858 AB CD, whoſe Diameter B C A 6.12, and Alti- Fig. 


tude AD 12.90 Thor. XXII. 
As 7 in 4 (28 | | 
| So A * 6 (37. 45) : 29.30 J $556 © * 
| The Area of the Circle of the Baſe. - 2 
As 1: 29.30 : : 80 4:30 : 126.00 
he Logar. 28 | 1.447058 
Ir, 2 | 1.340422 
Logar. 37.45 1.523472 
| - 2.913874 
Logar. 29.30 1.466816 the Area. 
—_— 
Logat. 1 26.0 2.100284 the Solidity. - > 
VI. Of the Fruſtum of 4 Pyramis or Cone. 3 ok 
* * 


Let AB CH G F be the Fruſtum of a Square Pyramid the XX1 


58:0 hy Seb at the Leſſer end A B, is 1.60 Foot 3 wü 


_ 


| hes rea ny is 5.29 TOs, and Wann DE 39.3 Top * 


| : » < + 6 * PII E * * I e " hy * * * VO " ; "mn | FT K 
* a — . g 5 , 
— 7 p : * 
© . o \ = d 
| 186 hs A l een 4 
hes — . C - «2 P23 


roche Area of that Square A BCD is 2,56 Foot; ATheSide * 
| at the Greater End F G, is 2.30 Foot; and therefore 


N. Then, * „ yo 
* The en of ABCD 2 506 is 1 bp 8408240 ö 
iS * em cf EFGH 5.29 | 8 8 8272245 
| Their Sum e 
| | © Their half Sum 3h SC 4 0.565847 
5 Which i is the Logarithm of 3.6 
"The Sum of che Three Products 11.53% © . 5. 
The Logar. of the Sum _ - 4-0 18.061829 
ä The Log. of + of the Altitude F ba N 
4 The Log. of | 2 
Which is the Solidiry of the "Fu lum ABepEFe 
In the ſame manner the Fruſtum of a Cone of the ſame Altitude, 
and the Area of the Crreles, at both Ends, the ſame with 
SR. the Area's of the Squares, the Solidity of ſuch a A 
A K © Cone, will be found to be the fame.” * 
3 if VII. Of a Globe or Bullet, whoſe Dauer 2 1.75 be, 
XX The Logar. of the Diameter FT SER. 77 243038 
1 Multiplied 7 3 un 8729114 
* * "The Logar. of 355 8817 ee 2.550228 
Their Sum | ; 3-279342 
Logar. of [678 always) Subſtratt 2431229 
Reſts the Logar. of 2.806 F ' 9448713 
* "Which is — ta the Buller. „ 
10 | 1735 S 1 8 8 | 92 AA 1 
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Tirigonometria Practica, 


-— 
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COSMOGRAPHY. 


7 
OSMOGRAPHY, in Greek Koouoyeatia, is derived a 
Koche; i. e. Mundus; & yeaqn; i. e. Scriptum, the De- 
ſcription: So that COSMOGRAPHEHY is a Detcriprion of the 
World; confider'd under the Names of the Heavens, as the Cle. 


ſtial; and of the Earth and Water, as the Terreſtrial Parts there- 


of: A true aud perfect Repreſention of both which, may be (and. 
uſually is) deſcribed upon Two Round Bodies, called G LOBES: 
And therefore we ſhal firſt treat of them. | H. 


11 — — ä = 
— 
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i CHAP. I. 7 


Of a material Sphere or Globe; and of ſuch Circles, Lines 
and Points, as are deſcribed upon it, and that are appen- 
dant toit. And hom to. reFifie the Globe, fitting it for 
the reſolving of ſuch Problems as are to be performed by it. 


I. Of ihe. Circles of the Sphere. 
A Globe or Sphere is an Artificial Repreſentation of the Starry 


. 
< * 
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4 
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Eg. P th : 
Heaven, or of the Earth and Water, under the Form-or Fi- XXV. 
| gure 
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And ſuch a Globe is called [A Terreſtrial Gl 


Unequal Parts. 
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Mathematica. ©» 
ſuppoſed to have: Shewi 
Conſtellation in the bun 
tal Globe ] and every par- 
tb, and 1 in AK. : 
E, re 
Upon the Convex Superficies of either of theſe 2 {beſides 
the Conſtellations of the Stars, upon the Cæleſtial; and the Coun- 
trie, Kingdoms, Sea-Coafts, "Iflands, &c. upon the Terreſtrial) 
there are deſcribed ſeveral Circles; ſome Great Circles, which di- 
vide the whole Body of the G/obe into Two: Equal! Parts; and 
ſome Leſſer Circles, which divide the Body of the Globe into Two 


8 


yre ane which dez gee 
in a 3 roportion every partic 

; bh called LA Cu 
try on the 


And ſuch à Globe is 
gion or Coun 


ticular 


The Great Circles deſcribed upon the Body of either G/obe are, 


Fquinoftial 7 F Th ;noftic 2 
2 The Eclpric ; 71 The Soffiia — Colure. 


3 The Leſſer Circles are, 
© The Two Tropicks; and, The Two Polar Circles. 
I. of te KQUINOCTIAL 


The guinoctial is a Great Circle, dividing the Body of the 
Globe into Two Equal Parts, paſſing through A and 2; which 
Points are, each of them, equidiſtant from P and 8, the Two 
Poles of the Norld; and To the Line or Axis PAS paſſing through 
the Body of the Globe, cutteth this Circle always at Right Angles. 


Il. Of the ECLIPTICK and Z ODIACEK. 


The-Zodrack is a Great Circle, croſſing both the Horizon and 
inoctial in A, the Eaſt and Weſt Points of the Horizon at 
Oblique Angles, viz. the Horizon at an Angle equal to the Sur's 

. greateſt" Meridian Altitude in any Latitude, but the Ægpuinottial, 
always, at an Angle. equal to (23.5 Deg.) the Sans greate/t 


os 


Declination. This Circle is ſuppoſed to have Breadth , for, 
through the middle of it, there paſſeth a Line, noted in the bi- 
gure with the Twelve Signs of the Zodiac, Y 3 0 S Q 2 on 

the upper Part, and with = m 2 vw = on the lower Part, 

- which Line is called the Ecliprick, or Via Solis, for that the Sun 

- Uways keepeth in this Line NP Ss 


- 


hy 
* - - III. Of 
* 
F . 
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at, 5 a” "RY WE 
e Colmography.” 
NI. Of the Two COLURES. 


Theſe are Two Great Circles, which pals through the Poles of Fi. 
the World, where they cur each other at Right Angles : One of XV. 
theſe cutteth the Horizon in A, and the Æguinoctial alſo in the 

Point Y , and is therefore called the Aquinofial Colure. The 

other Colure cutteth the Horigon in H and O, the North and 
South Points thereof, and alſo the Eclipticꝶ in the Points & and 

vw, and is therefore called the Solſticia! Colure. In the Figure 

the Æguinoctial Colure is noted with PAS (and is the ſame with 

the Sixth Hour Circle) the Solfticial Colure, with HP OS, and is 

the ſame with the Meridian. | 


W. Of the TROPICK of CANCER. 


This is a Leſſer Circle of the Sphere. deſcribed upon the Su- 
ficies of the Globe, parallel to the Aquinottial, on the North | 
ide thereof, at 23.5 Deg. diſtant rhereftrom, equal to the Sun 1 
greateſt Declinat ion. It is called the Northern Tropick, for that 
it lygh towards the North Pole, and is repreſented in the Figure 
by the Small Circle, B6 . 


v. of ne TROPICK of CAPRICORN. 


This is a Leſſer Circle alſo, deſcribed upon the Globe, parallel 
to the Æguinoclial on the South Side thereof, at the Diſtance of 
23.5 Deg. towards the South Pole, and is called the Southern Tro- 
pick: It is noted in the Figure with W 6 ve. 


VI. Of the Two POLAR CIRCLES. 


Theſe are Two Leſſer Circles deſcribed about the Poles of the 
World, parallel to the AEquinottia! and Tropicks, and ſo far di- 
ſtant from either Pole, (viz. 23.5 Deg.) as the Tropicks were 
from the Fyuinoctial: That deſcribed about the North Pole, 
noted with B 6 C, is called the Artie Circle; and the other, 
noted with G 6 E, deſcribed about the South Pole, is called the 
Antartic Circle. | | 


Beſides theſe Circles, which are deſcribed upon the Convex Su- 
perficies of either G/obe, there are others, which are framed 
without the Body of the G/obe ; and thoſe are, principally, Two, 

D d | 0 How 


Win bec aads) 97 WTR 
mein Mathematica, 
Arche Meridian, and the Horizon; the one of Braſs, the other of 


Wood. — Circles, indeed they are not ſo properly called; for, in | 
the rigorous Senſe, no Line is ſuppoled to have any Breath; but 


both theſe have /r allowed: them; that ſuch Things might: 


be written, or engraven upon them, as might tender them more 
uſcſul in all Pofirions of the G/obe : And therefore, (they being 


of a Greular Form) notwithſtanding the Impropriety of Speech, 


we will have ir ſo; and we muſt call them, The Meridian and 


it Horizontal Circles, The Meridian in the Figure, is noted with the 


Letters Z Ne, and the Horizon with HA CO. 
Unto this Brazen Meridian, there belong Two other Appen- 
dants, vis. An Hour Circle, with its Index ; and a Quadrant of 


Altitude. © 


Through the Body of either Globe, there runs a firong IWyre , 
the Ends whereof are ſo fixed in the Brazen Meridian, that the 
Body of the Globe may turn about together with the Wyre. —This 


Hyre is called the Axrs of the Word, and the Ends thereof, the 


Poles of the World, one the Artick or North Pele, noted with 
PH; the other, the Antarticꝶ, or South Pole, noted with 8. 
Unto this Bra/s Meridian alſo, there belongs another Appen. 
dant, called A Quadrant of Altitude; which is a thin Plate, divi- 
ded into go equal Parts or Degrees, and fitted with a Nut and a 
Screw, to move to any Degree upon the Meridian; but generally 
in the Vertical Point Z, the Zenith of any Place. b 

l eic | red bid u 1 


H. Of the ſeveral Poſitions, that 4 Globe or Sphere, may 
be poſited in its Horizon. 5 F 


T Here are but Three Poſitions, in which a Globe may be ſeated 


in its Horizon, viz. (1.) Direct. (2.) Parallel. (3.) Oblique, 


Of which, the Two firſt are Fafricular, the third more General. 
I o Direct Poſition. 
The G&be may be fo placed in the Frame, that both the Poles. 


thereof may reſt upon (or lye directly in) the North and South: 


Points of the Horizon, neither Pole having any Elevation: The. 
Zenith Point being in the Aqurnoitial Circle, and the Axis of 


the'World in the Plain of the Horizon, And this is called Di- 


U. Of 


_ Of Colmography. 
II. of Parallel Poſition. + 
The Globe may be ſo placed in the Frame, that one of the Poles 


— 


ſhall be in the Zenitb, and the other in the Nadir Points; the 


Poles having ↄo Deg. of Elevation above the Horizon + And in 
this Situation, the Eguinoctial Circle! will be in the Horizon, 
This Poſition is called Parallel Poſition. i "a6 


m. Of Oblique Pofition. 


The third Paſition of the Globe is more General; for it hath 
relation to all People living between the guinoctial and either 
Pole : And according as the Pole are Elevated or Depreſſed, ac: 
cordingly are the People ſaid io be ſituate: That is, if the Globe 
be placed in the Horizontal Frame; ſo that the Pole be elevated 
above the Horizen 10 Deg. then is the Globe elevated, or fixed, 
to reſolve ſuch Queſtions Geographical or Aftronomical, as relate 
to ſuch Places and People, who have the, Pole elevated (or who: 
live in the Latitude of) 10 Dag. And this Po/ition of thè Globe 
is called 08/zqze, becauſe the Axis of the World, the RquinoTral, 
and all the Parallels of the Sun's Declination, are cut by the Ho- 


ih 
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V. 


rigon at Obligue Angler; whereas in the Two former Paſſrions, 


they cut one the other Right Angles. 


III. How 10 Reftifie the Globes, frting them for UIſe in any Lali- 
rude or Part of the World. | * | 


Being provided of a Pair of Globes, the Meridian; Horizon 
and Hour- Circle, truly turned and divided; alſo the Balls" truly 
hung or poized upon the Axz, and the Meridian and Horizon 
(in all Poſitions) cutting each other at Right Angles; the Papers 
truly Joined in their paſting upon the Bodies, &c. All which are 
to be performed by the Norman, (yet the Buyer ought alſo to 
have Inſpection thereunto) you may proceed to Re&;ze them for 
U/e in this manner. ee en Nee a 

1. Put the Braſs Meridian into the Two Notches that are cut 
in the North and South Parts of the Horison; the Graduated, or 
Divided, Part thereof, towards the Eaſt Part of the Horizon; 
and the plain, or undivided Side thereof, towards the Veſt, and 


let the Meridian alſo reſt in the Notch which is in the Foot, or 


bottom, of the Frame of the Horizon. 
: Dd 2 2. Place 


rn eee r 
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Erhe Meridian, and the Horizon; the one of Braſs, the other of 
Wood. —Circles, indeed they are not ſo properly called; for, in 
the rigorous Senſe, no Line is ſuppoled to have any Breath; but 


both theſe have (6/224 allowed them; that ſuch Things might 


be written, or engraven upon them, as might tender them more 
uſcſul in all Poſitions of the G/obe : And therefore, (they being 


of a Cireular Form) notwithſtanding the Impropriery of 


we will have ir ſo; and we muſt call them, The Meridian and 
Horizontal Circles, The Meridian in the Figure, is noted with the 
Letters Z FN #, and the Horizon with HA O. 
-- Unto this Brazen Meridian, thete belong Two other Appen- 
dants, vis. An Hour Circle, with its Index; and a Quadrant of 
Through the Body of either Globe, there runs a ſtrong Wyre , 
the Ends whereof are ſo fixed in the Brazen Meridian, that the 
Body of the Globe may turn about together with the Hire. — This 
Wyre is called the Axis of the Wor/d, and the Ends thereof, the 
Poles of the Word, one the Artick or North Pele, noted with 
PB; the other, the Axtarticꝶ, or South Pele, noted with S. 
Unto this Bra/s Meridian alſo, there belongs another Mppen- 
dant, called A Sauadrant of Altitude; which is a thin Plate, divi 
ded into go equal Parts or Degrees, and fitted With a Nut and a 
Screw, to move to any Degree upon the Meridian; but generally 
in the Vertical Point Z, the Zenith of any Place. g 
: Cr <1 . / $0165 Ju 1 | | ; 
H. Of the ſeveral Poſitions, that a Globe or Sphere, may 
be poſited in its Horizon, © © 


ar: are but Three Poſitions, in which a G/obe may be ſeated 
in its Horizon; viz. (1.) Diret?. (2.) Parallel. (3.) Oblique. 


Of which, the Two firſt are Pafricular, the third more General. 


5 I. Of Direct Poſition. 
The G&be may be ſo placed in the Erame, that both the Poles. 


thereof may reſt upon (or lye directly in) the North and South- 


Points of the Horizon, neither Pole having any Elevation: The. 
Zenith Point being in the Zqurnoitrial Crrele, and the Axis of 


the'World in the Plain of the Horizon, And this is called Di- 


H. Of 


e, Colmography. | 


II. of Parallel Poſition. | 99} 0 7 


The Globe may be ſo placed in the Frame, that one of the Poles 
- ſhall be in the Zenith, and the other in the Nadir Points; the 
Poles having $0 Deg. of Elevation above the Horizon +. And in 
this Situation, the REauinoftial Crele' will be in the Harison. 
This Poſition is called Parallel Paſft ion. in nab 


ITT. o/ Oblique Poſition. 


The third Po/ition of the Globe is more General; for it hath 
relation to all Peop/e living between the guinoctial and either 
Pole: And according as the Pole are Elevated or Depreſſed, ac; 
cordingly are the People ſaid io be ſituate: That is, if the Globe 
be placed in the Hor:zontal Frame; ſo that the Pole be elevated 
above the Horizen 10 Deg. then is the Globe elevated, or fixed, 
to reſolve ſuch Queſtions Geographical or 1 as relate 
to ſuch Places and People, who have the Pole elevated (or who 
live in the Las itude of) io Dag. And this Paſtion of th Globe 
is called Qigue, becauſe the Axis of the World, the Æguinoctial, 
and all the Parallels of the Sun's Declination, are cut by the Ho- 
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v. 


riæon at Obligue Angler; whereas in the Two for mer Poſtrions,” © 


they cut one the other Right Angles. 


III. How 70 Relliſie the Globes, fitting thent for Uſe in any Lati- 
rude or Part of the World. , W | 


Being provided of a Pair of Globes, the Meridian, Horizon 
and Hour-Circle, truly turned and divided; alſo the Balls truly 
hung or poized upon the Axz, and the Meridian and Horizon 
(in all Poſitions) cutting each other at RIH Angles, the Papers 
truly joined in their paſting upon the Bodies, &c. All which are 
to be mans by the Workman, (yet the Buyer: ought alſo to 
have Inſpe&ion thereunto) you may proceed to Re&;ze them for 
Uſe in this manner. UNE ee: Way! of 

1. Put the Braſs Meridian into the Two Notches that are cut 
in the North and South Parts of the Horison; the Graduated, or 
Divided, Part thereof, towards the Eaft Part of the Horizon; 
and the plain, or undivided Side thereof, towards the Weſt, and 


let the Meridian allo reſt in the Notch which is in the Foot, or 


bottom, of the Frame of the Horizon. 
3 Dd 2 2. Place 
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2. Place the Braſs Hour-Circle, or Wheel, about the Pole; ſo 


XXV. chu the Haur- Lines of 12 and 12 do lye directly over the Eaſt, 


or Graduated, Side of the Meridian; and that the Point of the 
Axis of the Globe do paſs directly through the Centre of the 
Hour. Mheel; then ſhall the Two Twelve repreſent the Two 
Hours of 12 and 12: That towards the South Part of the Meridian 
12 at Noon, and the other. towards the North Part, 12:at. Mid- 
night: And the Two Sixes ſhall repreſent the Two Hours of Six 
A Glock : That towards the Eaſt, 6-in the Morning, and the other 
6 ar Night. Then put the Index (or Pointer) upon the end of 


the Axis; ſo that as the Globe being turned, which way ſoever, 


the Pointer may move with it; and ſo is your Hour. Circle recti 


3. Elevate the Pole of your Globe (whether North or South) 
accord ing to the Latitude of the Place of that what part of the 
World you are in: As ſuppoſe London, which hath 51 Deg. 30 
Min. of North Latitude: The Meridian being in the Notches of 
the Hon aon, and alfo in the 2 at the bottom of the Frame, 
as is before Jirefted. Move the Meridian upwards or downwards 
in the Notches, till you find 51 Deg. 30 Min. of the Meridian, 
juſtly to touch the upper part of the Horizon, on the North part 
aged : And ſo is your Globe rectified to the Latitude of 51 

30 Min. 45 : 
4. The next thing to be rectified is the Quadrant of Altitude; 
which muſt be done, by having reſpect to the Latitude alſo: 


- 


Wherefore, the Larirzde being 51.Deg. 30 Min. Count 51 Deg. 


Min, North, upon the Sauth part of. the Meridian, from the 
Kguinottial Circle, towards the North (or elevated) Pole, and there 
put on the Nut, which is at the end of the Quadrant; ſo that the. 
edge of the Divi/zons of the Quadrant, may be directly under the 

Degrees of the Latitude, viz. 51 Deg. 30 Min. and there ſcrew 


the Nut faſt. And thus. is your Globe ReQtified for the Solution of. 


all ſuch Queſtions Coſmographical, as are to be wrought thereby. 


in that Latitude of 51 Deg. 30 Min. 


Of Colmography. 
Coſmographical ELEMENT S, 
| Necefary 1 be known. 
L Here are Two-kind of, Motions in the Heavens; the firlt 
is called the Common Motion of the fixed Stars and Pla- 
nets together; by which they go all about in 24 Hours from 
Eaſt roWeſt. The ſecond Motion is called the proper Mor:- 
on; by which they go about, every. one in his own Time or Pe- 
riad, from:Weſt to Eaſt. | 


II. Theſe Two Motions are the Original of Two Cireles, the Æ. 


gui noctial and the Ecliptick, for the Diurnal Motion is done 


About the Pole of the /Equinoial either in the Aqui noctial it 


ſelf, or in a Leſer Circle, parallel unto it: But the proper Mo- 


tion, is about the Poles of the 8 either in the Eclipticł 
it ſelf, or in a Leſſer Circle, parallel unto it | 


III. The Sun's Center keepeth always upon the Eclipt iet Line, but 


the other Planeta do go from the Eclipticꝶ on both Sides 8 Deg. 


Hence the broad (Circle, whoſe Middle. is the. Ecliprick, doth 


ariſe, and is called the Zodjack. 
IV. The AFquinofial is in the Heavens about that Streak, which 


the Sun doth make by. his Diarnal Motion on the Days of the 
Two Zgumoxes, viz. the. 10th of. March, and the rath of 


Ceptember. . 


v. The Zodiack is known by the Twelve Afteriſme- of fixed- 


Stars, called, The Fwetve Signs. 1 


VI. The Two Luminaries ate the Sun ©, and the. Moon d; the 
Moon cometh round by her proper Motion, in a Month, the 


Sun in a Tar. 


VII. The other Planets are either the Superior, as. Soturn ty 
coming about in his proper Motion, once in 30 Years Fupt- 


E. 


X 


g. 
XV. 
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ter M in 12, Mart & in 2 Years. The Inferior Planet are 
Venus 2 and Mercury d; Venus is 9 Months Morning Star, 
and other 9 Months 3 Star. Theſe Two Planets keep 
always near to the Sun, ſo that Mercury ꝝ is for the moſt 
part covered with its Beams. | 5 


VIII. The fixed Stars move alſo from Weſt to Eaſt, either in the 
Escliptick, or in a Parallel to the Ecliptich, but very ſlowly, 
vis. One Degree in 70 Years. Hence the Signs are diſtin- 
uiſhed in Starred and Un-ftarred. The Starred Signs are the 
welve Aſteriſms of the Zodrack ; but the Un- ſtarred are eve- 
ry one a Twelfth part of the Ec/rprick. Now the Starred Sig ns 
left their former Places, and are preceded in ſome 1800 Years 
almoſt One whole Sign; ſo the Srarred Aries V, ſtands now 
in the Place of the Un- ſtarred Taurus g; and the Starred 
Taurus &, in the Place of the Un-ftarred Gemini U, &c. 


IX. The quinodlial and Ecliptick are immutable, for there is 

never but One Fquinoftial, and One Ecliptick: But the Hori- 
zon and Meridian are mutable: For every Body walking upon 
the Superficies of the Earth, doth carry along with him bis 
Horizon ; So this Circle is as mani fold as there are diyers Points 

upon the Surface of the Earth. The Horizon is determined 
the Eye of the Man turning about in an even open Field, where 
the en ſeemeth to join with the Earth ; and its Office 
is to ſhew the Ring and Setting of all Heavenly Bodies. 


X. The Meridian is not alter d by going on ſtreight towards South 
or North, but only when you walk never ſo little towards the 
» Eaft or Weſt, you have preſently another Meridian. It is ob- 
ſervable in the Heaven, by letting fall a Plummet or Perpendicular 
from the Vertex, by the Sun (or any Star) being at its higheſt. 


Rl. Every one of theſe Four Cireles hath its Poles, which the Cir- 


cle is Juſt between, and every way equally diſtant from it, 
- exally dividing the Sphere into Two equal Hemiſpheres, and 
they divide each other into Two equal Semicireles: And by 
the Poles of each, there are deſcribed Secondary Circles (the 
Meridian only excepted) which Secondary Ciretes do cut their 
© Principal Circle into Two Equal Parts, and at Right Angles. 


* | XII. The 


XII. The Poles of the Fquino#i27 are the fame with the Poles of 


»0fColmiography. = 
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the Morld; the one of which is callei the A7/Ticꝶ Pole, becauſe 


4 


jt is neat to the-Two Ayer or Bears: The other oppoſire ro 
it, is called 479rtrck + - And the ſtreight Line, which paſſeth 
between, through the Centre of the Sphere (trom ons Pole to the 


bother) is called the Axis of the Vorid. The Mpuinocfiul divi- 


deth the Eclipticꝶ into Sy North, and dix South, Signs: The 
Secondary Circles of the Hquinoctial, are called in the Hea- 


wenly Sphere Circles of Pediration. àmongſt theſe is one of 


chiefeſt Note; the Meridian; and beſides it, Eleven Hour-Circles, 


paffing by every 15th Degree of the Fqurnmcttial, to be reckon- 


ed from the Meridian, and fo they dib ide the whole gui no- 


tral into 24 equal Hours. There are alſo Two chief Secondary 


- Crretes, of the qui nocfial, which are called Calures; the one 


| pafling by the Verne! and Aatumnol Seftion, is called the Co 


ure of the /Equinoxes ; theother paſſing by the Two Solffici- 
al Points, vis. the beginning of Cancer & and Capricorn W, 


zs called the Colure of the Solſtice. This latter, divideth the 


Ecliptick in Aſcending and Deſcending Siens; becauſe in the 


firſt the Sun doth aſcend to our Zeniuh in Capricorn vis. in 
„nN u, which are alſo called the Siga of Short 


Aſcenſion, becauſe they riſe in a ſhort time equal to che Shurreſt 


Day of the Lear: But in the Deſcending Sint, the Sun doph 
deſcend every Day more and more from our Zenith, and thoſe 


are SQ M =m 2: Theſe are called alſo Signs of Long A- 


ſcenſion, becauſe they Riſe in a time, equal to the Longeſt Day in 


the Year. Both Colures together divide the Eclipiich into Four: 
Quudrants; the Fernal contaming Aries Y, Taurus d, Gem- 
ni H; The Summer Quadrant, Cancer &, Leo N Ving ; The 


Autumnal, Libra =, Scorpio m, Sagittarius 1; the Hinten 


Quadrant, Capricorn w, Aquaries =, Piſces K. 


XIII. The Secondaries of the Terreſtrial Equinofidl are called 


Meridiane, and they are 18, paſſing by every 'roth Degree of 
the guinoct ial, and in ſome Globes, through every 15th ee 
of the guinoctiol, which is equal to One Hour, in Time. 
The firſt of theſe doth paſs by the Iſlands of Azores, in ſome: 


- Globes. But by the neweſt, and beſt made. Eng/1/h,. Globes, at 


St. Michael's Illand in the Azor 


XIV. The 


9 | 
Fig. XIV. The Parellels to the Nui noclial, are Leſſer Circles, dividing 
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the Sphere into Two unequal Parts: They are Two Tropicks, 
which the Sun deſcribeth, the one in the Longeſt Day, the other 
in the Shorteſt Day. Their Name Troprcks, ſigniſieth a return- 
ing, vis. of the Sun. And Two other Leſſer Circles are deſcribed 
by the Diurna] Revolution of the Poles of the Ecliprick; the 
one called Ar:z7c&, the other Antgritch. 


V. The Two Tropicks, together with the Two Polar Grcler, di- 
ſtinguiſheth the whole Sarface of the Earth into Five Zones; 
the Hot or Torrid Zone is between the Two Tropicks, but from 
the Tropick of Cancer & to the Ariick Circle is the North Ten- 
perate Zone, and from the Tropick of 8 to the A. 
zartick, is the South Temperate Zone. What lyeth within the 
Artick Circle, is called the North Cold or Frigid Zone; and 
that which lyeth within the Antarrick, the South Frigid Zone. 


XVI. The Inhatitants of the Torrid Zone are called Amphiſci;, 


becauſe their Mid-days Shadow falleth now towards the South, 
and then towards the North: But the Inhabitants of the Two 
Temperate Zones are called W becauſe their Mid. day 
Shadow falleth only towards the North in our Hemiſphere, 


and only towards the South in the other Hemiſphere: And 


* 


laffly, the Inbabirants of the Two Frigid Zones are called Peri- 
ſeit, becauſe their Shadow goeth round about them in 24 
ours. i 


VII. There are Parallels alſo which diſtinguiſh the Climates ; 
which Cimates are, as it were, Liitle Zones They are great- 
eſt near the guinoctial, and from thence they grow ſmaller 


and ſmaller towards both the Poles. Their Diltance and Large- 


neſs is determined by the length of the Longeſt Day; for as 


often as the Longeſt Day 8 neth half an Hour above 12 Hours, 


there is produced a new Cu mate So the firſt natural Climate 
ought to have its midſt where the Longeſt Day is 12 Hours 
and a half long: But the Ancients (perhaps knowing nothing 
of thoſe Parts of the World ſo near to the Æguinoctial) left out 
this firſt natural C/zmate, and made their firſt C imate, where 
indeed the Second ſhould have been, viz. where the pn 
Day was 13 Hours; and becauſe the midſt of this did paſs 

| N . -- "V8 


Of Colmography. —_ 
the Iſland which the Nil miaketh, and is called ' Meroe ; they 


named their firſt Climate Dia Meries, the ſecond Dia Syenes, 


- Syene being a Town lying under the Tropick of Cancer; the 
third they called Dia Alexandria, this being a Town fituated 
upon the Month Nils, the fourth, Dia Rhodia; the fifth, Dia 
| Romes; the ſixth, Dia Ponta; the ſeventh, Dia Boriſthenis, 

where the Longeſt Day was 16 Hours; and here the Ancients 
left it: But the Modern have continued their Cimates to the 
Artick Circle, where the Longeſt Day is 24 Hours, becauſe 
the Sun doth not ſet there in the beginning of Cancer, but only 
toucheth the Horizon with his Circle. And now, there are as 
many C/imates on the other Side of the Æquinoclial. The Cir- 
cle of Perpetual Apparition is deſcribed by a Point tonching 
the North Cardinal, being carried about by the daily Motion; 
and all the Stars that are within this Cycle of Perpetual Ap- 
Parition are always ſeen above our Horizon. Another Cirele of 
Perpetual Occultat ion there is deſcribed by a Point touching the 
South Cardinal, and being carried about by the daily Motion; 
ſo all the Stars that are within this, do never Riſe with us. 


XVIII The Secondaries of the Eclipticꝶ, are called G of La- 


titude; there are Six of them upon the C#/eſtia/ Globe, dividing 
the Signs of the Eclipticł, and alſo the whole Sphere into Twelve 

ual Parts; by which Diviſion all Stars are referred. to that 
Sin which is between the Two next Circles of Latitude. Now 
Six Signs of the Eclipticꝶ are always above the Horizon, and 
Six are beneath. : VOL RE 0, | 


XIX. The Poles of the Horizon, are the Zenith and the Nadir; 
the Secondary Circles are called Vertical or Aximath, or Cir- 
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cles of Altitude, amongſt which, the chieſeſt me (1.) The Me- 


ridign.” (2.) The Circle of the goth Degree of the Ecliptick, 
_ paſſing by the Poles of the Ecliprick, the Zenith, and the 
goth ee of the Ecliptick, belng counted from the Horizon, 
either from the Eaſt or Weſt. (3.) The Vertical, paſſing by the 


+ Eaſt and Weft Cardinals; where the Interſection is of the Ægui- 


* noltial and the Horizon, which Sections alſo, be Poles of the 


Meridian: And the Poles of this Vertical paſſing. by Eaſt and 


Weſt, are in the South and North Cardinals, where the Me- 
ridian doth divide the Horizon in the Ortive and Occidental 


Semicircles. Now. the Secondaries of this ſaid Vertical, which 


Ee paſſeth 


* 
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eth by the true Eaſt and Weſt, are the Circles of Poſition 
2 by every 1 Dee of the guinactial, reckoning 1 
Hom the Meridian or Horizon, and dividing the whole Sphere 
into Twelve Houſes. The firſt Houſe is called Horoſcope, and 
is that which is next under the O7 / ive Horizon; from thence 
the other Houſes do ſucceed under the Earth after the Succeſ- 
fion of the gas-: Where every Arch of Paſition cutteth the 
Ecliptick, there is the Cuſpides of the Houſes. There are be- 
ſides theſe Circles of Poſitron, an infinite Number paſſing by 
every Point of the Sphere. | "0 


XX. The Parallels of the Horizon are called Almacantarath, and 


* 


are deſcribed upon the Aſtrolabe, to ſhew the Altitude of the 
Sun, or of the Stars above the Hori sn. | 
XXI. The Meridian is the Original of Winds; there are Four Car- 
di nale, and Four Mean: The North is known by the Flower- 
de-Luce, and the Eaſt by the Cro/s: The Mean do compound 
their Names from the next adjacent Cardinals; being North. 
Eaſt, North-Weſt, South-Eaſt, South-Weſt : Now every one f 
the Cardinals and Means hath Two Laterals, beating the fame 
. - Name with their ing wy ſo they are called North by Eat; 
North by Weſt ; North Eaſt by Eaſt; North Eaſt by North; &c. 
Now theſe Laterals being 16, make, together with the 8 Prin. 
ciph!s, 24; and juſt in the midſt, between every Two Princi- 
pats, there are the Eight Re/idual Winds, bearing the ſame Name 
with the Meant they are next unto; but taking a fore Name 
from the next Cardinal, ſo they are called North-North Eaſt, 
Eaſt North. Eaſt, &c. 2 1 


XXII. Theſe 32 Winds being continued upon the Surface of the 
* Earth, do make as many Rwumbs ; that Rumb which paſſeth by 
the South or North, is always a Meridian; and that which paſ- 


ſieth by Eaſt and Weſt, is always either the guinoctial, or a 

 Bare/lel unto it. The other Rymbs are crooked Lines, neither 
Greular nor Elliptical, and are Seven in every Quadrant, to 
be numbred both Ways from the Meridian. The general Pro- 
priety of all Rumbs is to cut all the, AMleridians they paſs by 


into equal Ang/es, There may alſo, beſides che aid 32 Rumbs, 


paſs one by every Point of the ori aon. 
A XXIII. The 
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XXIII. The Effects of all the forefaid Circles, boch Principaland 


Secondary, are” Angles and Ars. The Angles which they 

make are Righr, when a Secondary meeteth with its own Prin- 
. crpal, and the other Angles are altogether Obligue: So the 
Angle which the Æguinoctial maketh with the Eclipticꝶ is al- 


| _ ways 23 Deg. 30 Min. as much as the greateſt Declination of 


the Sun. 


XXIV. The general Way of Meaſuring Aneles upon the Sphere, 


is to ſet- one Foot of a Pair of Callipers in the Point where the 

Angle is made, and extend the other 90 Deg, from thence, and fo 
| Geſcribe an Ar between the Two Legs, (or Circles which make 

the Angle) for as many Degrees as that Ark containeth, fo 
many Degrees alſo is the Ange. So the Meaſure of the Angle 
made by the Æguinoctial and Eclipticꝶ is taken in the Solfticial 
Colure, between the beginning of , and the goth Degree of 
the Aquinottial. Likewiſe the Angle which the /Equinotial 
makes with the Horizon, is meaſured 90 Deg. from thence in 
the Meridian, between the Horizon and guimottial; and that 
which is farther in the Meridian, from the /Eyn1not@a! to the 
Zenith, is the Latitude of one Place; into which is, always, 
equal to the Poles Height, to be reckoned from the North Car- 
dinal to the Pole. Sailing ftreight towards South or North 
One Mile, the /Fquinotal is raiſed or fallen One Minute; 


RY 


going 60 Miles, it riſeth or falleth One Degree: So at lengrh, © 


coming to the middle Line of the World, the Aquinoiial will 
be raiſed to the very Zenith, both Poles lying in the Horizon, 
and all the Parallels to the /Equinottia!/ cut the Horizon at 
Right Angles; whence this Poſition of the Sphere is called 
Sphera Recta; where all the Stars do rife, and abide as- long 


above the Horizon as beneath; ſo there is a perpetual /Zgquino- + 


Zialall the Year: But as ſoon as one of the Poles doth riſe above 
the Horizon, and the other cometh to be under the ZXquinoa/, 
and all its Parallels make Oblique Angles with the Horizon : 
And for this Reaſon, fuch a Pofirion of the Sphere is called 
Sphera Obligua ; where, not all the Stars do-riſe, but ſome 
te always above, and ſome always be/ow, the Horizon. . When 

e Pole cometh to unite with the Zenith, then the Æguino- 
i falleth wholly in the Horizon, and the Parallels of it, 
are alſo parallel to the Horizon; and this Poſition of the Spbere 
$ HF f 18 
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1 . N is called Spbera Parallela. The Sun moving in that part of” 


ay" 
: 
59 * 


pl l - 
+ 
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. the Ec/iptick, which is above the Horizon, that is on one ſide of 
the Z9quinottial, doth never'ſet, but is turned continually round 
About, and miketh a Day of Six Months: So likewiſe, running 
2 through the other Six Signs that are under the Hari on, it doth. 
0 never viſe, but maketh a Night of Six Months alſo. 


8 XXV. The Angle which any Degree of the Ecliptick maketh with | 


the Right Horizon, (that is, in Sphæra Reta) is equal to that 
Angle which the ſame- Degree of the ;Ec/iptick, maketh with 


the Meridian: But whether the Ecliptick make ſuch; an Angle 
wich the Right or Ob/igue Horizon, the ſame Angle is always 
called the Angle Orient; that is, of the riſing Degree of the 


Ecliprick; and its Meaſure is in the Circle of the goth Degtee, 
between the ſaid goth Degree and the Horigon. - ih 


XXVI. The Angle which ihe Meridian maketh in the Pole of the 


World with any Circle of Declination, taketh its Meaſure in the 
Equinoitial, between the Meridian and the ſaid Greie of De- 
clinatia/, and this they call, The Deftance of. the Star from the 


Meridian. So likewiſe the Angle which the Meridian maketh. 
with the Vertical. Circle at the Zenith taketh its Meaſure in 
the Horizon, between the Meridian and the ſaid Vertical; and: 


this they call, The Azimuth of the Sun or Star. 


XXVII. The Arks to be meaſured in every Principal Great Cir- 


cle, or its Secondaries, have alſo their proper Appellations : 


So the A of the Æguinoclial, which is comprehended between 


the beginning of. y, and the Circle of Decli nation paſſing by 


any Star, is called the Right Aſcenſion of that Star : And the Ark 
which in the ſaid Circle of Declination, is between the Æguino- 
Fial and the Star, is called, The Declination of that Star. But the 
Ohligue Aſcenſion of a Star, is an Ark of the Æguinoctial, rec- 

'- koned from the beginning of V, to the Point of the x 


Hial Riſing with that Star: So likewiſe, the Obligue Deſcenſi- 


- on of a Star is, the Ark of the Æguinoctia! reckoned from the 
beginning of , to that Point of the Æguinoſtial, which is a 
ſerring together with the Star. Now the Difference that is 


between the Right and Obligue Aſcenſion of the Sun, or any 
Star, is called, Ihe 2 Difference. Moreover, the 
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Je of Latitude paſſing by any Star, is called; The Lon. 
. olf that Sar: And the Ark, which in the ſaid Circle of 


= = 


. {Eaitade; is between the Ecliptick and the Star, is the Stars 
Latitude: And all this is to be underſtood of the Cæleſtial Globe. 
But upon the Terreſtrial Globe, the Longitude and Latitude of 


any Place are referred to the AEquinoltial and Meridian: So 


the Longizude of an_Eartbly Place is an Ark of the AfquinoTial 


an Ark of the Meridian, to be reckoned from the Fquinoflial Lf 


intercepted between the-Fir/i Meridian, and the Meridian paſ- 
ling by the ſame Place. And the Latitude of the fame Place is, 


0 thePlace upon the Globe, - + 


b 1 x 


| 


7 
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XVIII. In the Horizon we reckon the Amplitude of the Sun or 


& 


any Star, between the true Eef or Weſt Points, and that Point- 

where the Sun or Star doth 

tude is either North or South, according to the Beaming of the 

Sun or Star, in reſpect of the true Faſt or Weſt Points. The 

Altitude: of the Sun or a Star, is taken in the Vertical Circle, 
{ling by the ſame, between the Horigon and the faid Star: 

the Depreſfion of the Star is, An Arch of the Vertical Cir-. 
cle, between the Horizon and the ſaid Star. | 
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GEOGRAPHY. 


T HE following Geographical Problems being firſt to be per 
formed upon the Terreſtrial Globe; upon which the Spbers. 


cal Triangle, that reſolves any Queſtion is diſcovered, in order to 
the Trigonometrical Calculation: I conceive it neceſſary, in- the 
firſt place, to inſert this Genera _ 


PROBLEM: 


' How to Meaſure the Sides and Angles, of all Spherical Tri 
upon the Convex Superficies 25 Globe. angles, | 


F. T HE. Sides of all Spherico! Sfriongles upon the Globe, are 
Meaſured by the Degrees of thoſe Great Circles, that * 


cas or conſtitute) the Triangle, contained between the Two Angular 


Points. 
1. If the Side, or Sides, of the Triangle to be meaſured, do conſiſt 


of ſuch Great Circles as are actually divided into Degrees upon the 
Globe, or its Appendants; as the Raquinolfial the Colwres, the E- 
cliptick, the general Meridian or Tori aon: Then, the number of 
Dees net! in that Great Circle, contained between the Two 
Ang Bur is the Quantity of that Side of that Triangle in 


Degrees. . 8 2. H 


essen 
2. If the Side or Sides of the Triangle be compoſed of Arches 
of ſuch Great Circles as are not actually divided (as all Circles 
of Longitude, and other Oblique Great Circle) then take the 
Length of ſuch Side in #Pair of Calliper Compaſſes, and apply it to 

any of the foremettioned Gyeus Ciretes (as the Aguinoclial, &c.) 
it all thereupon ſhew you the Quantity of that Side in Pegrees. 
—Or, the Quadrant of Altitude (but rather, a thin Plate of Braſs 
longer than the Quadrant of Altitude, divided into Degrees, as 
the Quadrant is) applied to the Side to be Meaſured, . between the 

Two Angular Points, ſhall give you the Quantity of the Degrees 
of that Side of the Triangle. | _ | 
; II. For the Angles. 

The Angles of Spherical Triangles are Meaſured upon the 
Superficies of the Globe; by counting (or ſetring off) go Deg. 
from the Angular Point, of the Angle to be Meaſured, upon both 
the Sides which contains the Angle to be Meaſured: And at the 
Terminations of thoſe go Deg. on both the Sides, make Two ſinall 
Marks upon the Globe. Unto theſe Two Marks, apply the Qua- 
drant of Altitude, or thin Plate of Braſs; fo cs Nader of the 


Degrees thereof, contained between the Two Marks, is the Quan. 
tiry of that Angle. > hs 


Geographical Problems. 

; i 
T9 find the Longitude of any Place, deſcribed upon be Terreſtrial 
Ode. 8 * 


— 


F. no is the Diſtance of à Place from the firſt Meridian. 


| reckoned in the Degrees of the Equator, beginning, as was 
ſaid, in the New Terreſtrial Globe, (made by Mr. Morden) as St. 
Michael's Iſland in the As t. | EET 
Practice.] Bring the Place, (that is, the Mark of the Place) ſup- 
poſe London, to the Brazen Meridian, then count how many 
Yegrees of the Equator are contained between the firſt Meridian 
and that of London cut by the Brazen Meridian, which you will 
find to be 28 Deg. and that is the Longitude required. And in 
this manner you find London 


* — 


Eg.” 
I 


London, to be the Brazen Meridian; then count the Number of 


.. - Feruſalem . ] to be diſtant from ( 6s 30 
Jed in Japan (the fult Meridi-) 167 © 
Rio de la plata ( an by theſe New 32 0 
Mexico „ $95 OR] 
Cherleton Iſle | 830 
P R O B. II. 


To find the Latitude of any Place. 


"PHE Latitude of a Place, is the Diſtance of the Equator 
1 from the Parallel of that Place, reckoned in the Degrees 


of the Braſs Meridian; and is either North or South, according as 


it lyes between the North or South Poles of the Equator. 
To find the Latitude, bring the Mark of the Place, ſuppoſe 


upon the Meridian, contained between the Eguator and 


the Place ©. Thus you ſhall find the Latitude, by this ne, 


Globe, of London, to be 51 Deg. 30 Min. and of 55 
D. A. D. M. 


Labor in the Magul's Country to be/ 31 30 23 30 
The 2 Part of the Co/pian Sea By other 
to | = 37 © ano 
Aſtracan on the North Part of the x {1 or * 
„ N to be 46 0 a, 149 © 
The North Part of China to be 42 0 Pie 52 0 
28 O : 21 O 


Delli in India to be 


FRO B. H. 


* 


Two Phcer, which differ only: in Latitude, ro. find their Diſtance. 


N this there are Two Varieties of Poſition. © _ 4 
1. If both the Places lye under the ſame Meridian, and on 
one and the ſame Side of the Æqui nocfial: Subſtrat the Leſſer La- 
ritude from the Greater, the Difference (or Remainder) reduced 


into Miles, (by allowing 60 Deg. to One Mile) Hall give you the 


Diſtance. | 
8 * 


Exam 


22 


__ 
Wo 


| ».- Of: Geography. 179 
Example. Landon and Ribagio lye both under the ſame Me- Fg. 
ridian, but differ in Latitude: For London hath 51 Deg. zo Min. XXVII. 
of Latitude, at L, and Ribadio hath 34 Deg of Latitude, at R, 
both North; the Difference of Larimtude is 17 Dag. 30 Min. 

equal to the Arch LR: And that Reduced into Mies, makes 
1050 for theit Diſtance. ? 2 ; 

2. If the Two Places lye under the ſame Meridian, but in dif- | 
ferent Hemiſpberes, i. e. one on the North, and the other on the 
South Side of the Afquinoral : Then, Add both the Latitudes to- — 
gerber, and the Sum of them is their Diſtance”. War RR | 
Example. London, and the Iſland Triſtan Dacunbu, lye both 
under One Meridian, but London hath 51 Deg. 30 Min. of 
North Latitude, at L, and the Iſland hath 34 Deg. of South 
Latitude, at D; the Sum of theſe Two Latriudes is 85 Deg. 
30 Min. equal to the Arch of the Meridian L D; the which 
reduced into Milec, (by multiplying the Degrees:by 60, and al- 
8 for every Minute One Mlle) makes 5130 Miles, for their 
- Diſtance. | „ N od | 


- T3458 n 
Ius Places, which differ in Longitude only; To find their Diſtance. 


T* this there ate Two Varieties of Poſition. 2 
1. If the Two Places lye both under the gui noctial, and 
have no Latitude; in this Caſe, Their Difference of Longitude 
if it be leſs than 180 Deg;) 7s their Diftance: But, if the Dif- 
erence exceed. 180 Deg. SubtraQt it from 3 60 Deg, and the Re- 
mainder is their D:flance, in Degrees. | | 
Example. The Iſland Samatra, and Ifland St. Thomas, lye both 
under the Æguinaclial: St. Thomas having bn 10 Min. of Lon- 
gitude at T, and the Iſland Samatra 82 Deg. 10 Min. at 8. Now, 
the Leſſer Longitude 22 Des. 10 Min, ſubſtracted from the Greater 
- &2Deg. 10 Min. leaves 60DNeg. equal tothe Arch S T, for their Dif- — 
erence in — 4 Which converted into Miles, makes 3 600, 9? 
and fo many Miles are the Two Iflands diſtant from each other. 
2. But if the Two Places differ only in Longitudr, and lye not 
in the Æguinoctial, but under ſome other intermediate Parullel 
of Latitude: As Hieruſalem at H, and Baldo at B; both in the 
Parallel of 31 Deg. 40 Min: of North Lafitude, but differing in 
Longitude 60 D-g. 15 Min. equal to the Angle HP B, to find 
the Diſtance of theſe Two Places. 
i } | I. By 


MO Antilla \Mathematica.. 40 
J. By. the: Globe. 


Apply the Buadrant of Alricude, or Braſs Plate, + to the TW 
and the Number of of Degrees thereof contained between- 


the Two PSs is their Diſtance, which PR. be found to be. 


50 Deg. 32 Min 15 
5 Il. By Trigonometrical Calculation... | 


The Quadra of Altitude (or Braſs Plate) applied to the Ty Wo 
| Places, is repreſented by the Arch H B, and the Arches of the 
Two, Meridians, which pats through the Two Places, are PB N- 


and P HM; 1. PB and P H, are equal to the Complement of 
of the Latitude of both the Places, viz: 58 Deg. 20 Min. 80. 
that now 3 1 conſtituted upon the Globe an Oblique Spherical 
Triangle in which you have 855 (1) The Two Sides 
PBand FR Wen equal to 58 Deg. in. the =F lement 
of the Latitude. * 20 The Angle PI 60 in. the 
. Difference of the Longitude of the Two given E. To find 
the Side B H, their Diſtance: For which this is | 
I Con for Calculation. By; CASE I. of R. A. S. T. 
As the Radius, Sine ga Deg. 


Is to the Co ſine of the Saber Latitude (P Hor PB) 58 D. 20M. 
So is the Sine of half the DiFerence of Longitude, (half BP P 


30 Min. 
1 ME. Diſtance (half B IH) 25 Deg. 16 Min. 
The Double whereof, 50 135 Min. is 1 * B H, 
which in Miles is 3032 


PROB. v 


in dich d s . to find-- 
_ their —— cifer _ i 


| F. this there are Three various Paſnions. | 

| If ons of the Places lye under the Ryuinoſti and f hard 
no n0 Latitude and. the other under ſome Parallel of Latitude * 

; AEquinoitial, and one of the Poles: As London 

51 Et Min. of North Latitude at L; and St. Thomas x7 Se 

under nochial at. T, but differ in Longitude. 18 Des. For 


deine the Bf of theſe Ore cater 


9 9 
” : 
—— 34 


* 3 7 nn 
- * 
— * 


. hut the Terreſtrial Globe. 


18 


EZ. 


Bring Landon to the Braſs Meridian, and over it, fix the Ea XXVI. 


drant of Altitulle : The lobe being in this Poficion, bring the 
Quadrant of Altitude to 1 ſt — St. Thomas Wand, and you 


the Diſtance of the Two Places. 


II. By Trigonometrical Calculation. | 
The Globe reſting in the former Poſition, you will find conftic 
rad upon it a Right-ang/ed Spherical Tri angle L A T. com a 

| bd 's 1.) L E, an Arch of the Bra/F Meridian. {4 E 
Arch of the Æguinoclial. And, (3.) LT, an Arch of a = 


will find . Quadrant of Altitude, in 54 Deg. 45 "Min. i 


Circle (made by the Quadrant of Altitude) paſſing through both 


the Places: And in this Triangle, you have given, (beſides the 
Right Angle at E) (1.) The Perpendicular L the Latitude of 


Landon, 51 Deg. 30 Min. (2.) The Angle at L, the Difference - 


LT, 


of Longitude 18 Deg. 10Min. To find the Hy 
the Diſtance. | 
- The Canon for Calculation. By CASE XIV. of R. 4. S. T. 
As Tang. of the Latitude L N, 51 Deg. 30 Min. | 
Is to the Radius 


So is the Cofine of L. I. 18 Deg. 10 Min. 
To the Co ta of LT, 52 Deg." 55 Min. 


Which reduced into Miles, makes 3175 Miles, for Diftance be- 


tween London, and St. Thomas Ifland 
2. If both the Places propoſed ſhall be without the Saeed 
but both 3 either on the Norrh or South Side thereof 
London ak 30 Min. at L, and Hiersſalem in 31 Des 
40 Min. at 
their Difference of Longiade 46 Deg; To find their 2 et 
Upon the Terreſtrial Globe. 


Bing one of the Places, as to the 
over it Krew the Pradrant of Ali and keep the Globe there 
— then move the 2 of- 3 till it lye over Hieru- 

ſalem, and you ſhall find it to lye ee Deg. . __ of ho 


MEAN "And that the BY ey 


. 4 ' * « 


Ff2 | | The 


7 4 


both on the North Side of the Ægu¹j,m , and 


Braſe Meridian, and 


| Deg 20 Min. 


Aicilli Mithematica. 
' By Trigonometrical Calculation. * | 
x The Globe being in the former Poſition, you will find upon it n 
— ue - angled & 55 ical Triangle, n of of P L, Tet: of - 
the Braſs Meridian : Of H, an Arch of the Meridian that paſ 
ſeth over e Land of L H, an Arch of the Quadrant of 
Altitude, In which Triangle you have given, (1:) P L, the Com- 


ement of the Latitude of London, 38 Deg. 30 Min: (2.) The 
ide P H (the Complement of the Larirude of ez, 


Fi e Angle L F H, the Difference. of Lon 

. , tude of the Two laces; 4 8 To fad the Two Angles of 2 
pode L and H: And, (2.) he Side L H, the . N 
Two BCE. 5 


The 8 anons for Calculation. | ' 
by C98 III. and BENT og of 4.0. S. T. 


Ln] 


9 38 = F 
2 C ' 
| Tho Sie, 126 TEE: . 


Their Sum is 96 50 50 
Their Difference is 19 30 | 
The Half Sum is 4825 ; 


The Half Difference is 9 5 488/24 5 a N 
N Being thus prepared, 1 * 5600 off 
(i.) As 6" "oa the Sum of the Sides P L and PH; is 
25 Min | 
Is Si Tide of half theirDifſerence,” 9 Dep: 55 Min. 
is the Co-tangent of half the Different of ou! K 79 
balf the Angle L. FP H, 23 Deg. J | 
To the Tangent of 28 Deg. Mm. 76 
Wich is the half Difference of the Angler p LHand PH 5 


* 


65 As the Co ſine of half the 1 of the Sides P L and gd . 


* 


41 Deg. 3 Min. N Lr 288 ©1312 
-1Isaothe S. Urn of alt their. Differences\ $05 » n 8 


80 is the Co- tangent of half the e e e 5 
half the Angle PH 23 Deg: T 1.6 : | 


To the Tangent of 74 Deg; 2 M 13/21 
Which is the Tangent of half t the Sum of the Two wes 


PLHad PE, 


= 


— 


> 


* w P ky o | * « . - * 7 A — - 
- K 
= . „ — » * * 
9 3 7 4 * N * 
2 | 4 * 5 O 


183 
The Half Sum is BB 
The Half Difference is 28 29 0 ifs { 3 8 
Their um 102  J1-equalto</P LH, i 
Fheir-Difterence | 435 32 equal to PHL. 


( 83.) For the Side L. H, which is the Diflance, 

As the Sine of P H L, 45 Deg. 33 Min. | | 

Is to the Sine of PL., El 2g." 20 Min. 5 

So is the Sine of L PH, the Differ: of Longitude, - 46 Deg; 
To the Sine of LH, 30 Deg. 51 Min. as =P: 


Which 38 Deg. 31 Min. reduced in Miles, makes 2331 Miles 
31 b "ER 


for the Diſtance of the TN. o Places. ky 
3, If the Two Placespropoſed fhould be ſo fituate, that one have 


North, and the other South, Latitude, and under different Aleri- 
dians. As ſuppoſe Conſtantinople, lying in North Latitude 47 D. 


at C. and the Cape of Good Hope, lying in zy Deg. of South La- 


titude, at V; and differing in Longitude 59 Deg. To find the Di. | 


lance of theſe Two-Places © | 
4.4 _ Upon the. Terreſtrial Globe. 


_ one of the Places (as Conſtantinople) to the Braſs Meridi- - 


an, and there keep the Globe; then apply the Quadrant of Alti- 
tude (or rather a thin Plate of Braſs divided as that is) to the Two 
Places, and you ſhall find 97 Deg. 42 Min, of the Qurdrant (or 


20% Plate) to be contained between them, and that is their . 


Diſtance. 8 7428 1 
en B Tligonometrical Oaleulation. e 
Te Globe reſting in its former Pofltion, you will di ſcower up- 
on it an Ob/ique-ang/ed Spherical Triangle, compoſed” of f C, an 
Arch of the Braſs Meridian: P V, an Archof.a Meridian, paſſing 


through the Place in Sb Latirude 5 And of C V, the Ovadrant 


- 


dor Braſs Plate) repreſenting the Arch of 7 Grear Circle paſſing 


through both the Places : —In which Triangle you have given, 
(1.) The Side PC, the Complement of the Latitude of Cunſtanti- 

nople, 43 Deg. (z.) The Side PV, the South Latitude of the 
Cape o 


Good Hope, with 90 Deg. added, which make 125 Deg, 
d, 3 N V PC, the Difference of Longitude,” 59 Deg. 


(2. The third Side V C, the Diſtance of the Two Places. 


- 


The 


.) Tbe 11 of Poſtion PVC and PCV: And, 
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The Canons or glue, a. in the tft, by CASE Nl. awd | 
Si IX. of A. C. . T. 


pact ih 09 As the Sine of the Holf Sum of the Sides PV and PC. 84 D. 
„ 5 to the Sine of half their Difference, 41 Deg, 
1 So is the Co-tangent of half the Difference of Longitude, i. 6 
=. half the AngleV PC) 7 30 Min. 
_ : To the Tangent of 49 
| Which is the Hal / Difference of i the Angles pvc nd PC v. 
= FF Sum of the Sides, F V and P C. 


oe to the Co-fine of half their Difference, is | 
So is the Co-tangent of half the Difference of Longitude, 61 Deg 
To the Tangent of 85 Deg. 32 Min. 


Which is half the Sum of the Two Angles, wp as and F VC 


Dani 
The half Sum is Gn 
The half Difference is 49 49 23 
Their Sum 134 55 equal to <P'CV. 


| Their Di 
| ; The Two Angles of Pain. 3 
e For the Side V C, which is the Diſtance of the Two Placer 


As the Sine of PVC, 36 9 Min. 
| vb bo de Se of F ( Der DS 


OT Se bade Sins of V FE, 40 IR 
To the Sine of 82 Deg. "> Min. 
Whoſe Complement to 180 Deg, is 2 Min. for the 


15.97. Deg. 4 
Side V C, which is the N of me IQ Places 1 
in Miles is 5862. | 2 


And theſe are all ihe Vaticns of bre ca ay, I% 
ER "OR the e can be es: 


= 
0 1 * - „ * „ 
— + - \ : l 
4 1˙ : #4 44:4 2 . * - £3 54 1 ! - 
* * % 0 wv 
* * S + Z . "= 
: 


. " : —" 
6. 4 * 
n 


— w ＋ « * 1 
% \ — "4 * 9 , 
, - & : | - 
4 4 * 2 g » : 4 
: , : : . FRI 
fo ? Ft : 2 6 : " 4 * * 
- 3 : - - - . . 6. W315 4 # YF — + Yb n », ' as ; 


36 O9 equal to t c 
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„ _ 
ASTRONOMY. 
ADVERTISEMENT: | # 


ereas, for the reſolving of the following ; Aſtronomical. F Fg. 
Problems by Trigonometrical —— it is abſolutely XX VII... 
| „that the true Place (or Longitude) of the Sun in the E. | 
eliptick e firſt known, I have therefore inſerted Aſtronomi cal Ta. 
bles of the Sun's Mean Eongitude and Anomaly in Wears 3 
Days and Hours; and alſo of gration, Mee the Sur's 
Place in the Ecliprick __ be found at any time. I is alſo to {op : 
noted, That the ſeveral Problems in this Section, being w 2 — 
firſt by the Cæleſtial Globe, in order to their Trigonometricel 2 
culation 5 I have, therefore, (ro inform the Fancy, and caſe the 
of the Reader) in all the-Schemez relating to them, 
- (which conſiſt of Great Circles of the Sphere, and repreſent the 
Triangle to the Eye, which the Problem is to be reſolved by) no- 
8 * Creles,. 4 nes op pars) in all 15 ante 180 5 — 
tters or Garallers; à prefixed * ir En —— i 
Re next before the Problems... eb GIN 2 


8 


— 


TABLE 


Aci Mathematica. 
-T;ABLE, 1 1 41 . 


1 


"The Sun s Mean ei, in Tears. 
£5, 3 2 8 fr * Lonęit. 
FORE $a te 

T * 5. MS.” A. M. | lears. |S, D. MS. B. 
17099 19 5 12 330 [1731 25 27/5 7 

9 20 426 13 160 B 17320 20. 12 

9 20 2806 ù3 [1733 20 57 

9 20 14/6 12 46 1734 20 43] 

9 25 ds 12 31 | 122% 20 26 1 


17379 20 59 
1707/9 20 166 12 43! {| 1738/9 20 45 
5 17089 20 216 12 28 1739/9 20 3 
17099 20 4616” 13 FT 1B 174 2e 166 


9 20 456 13 1 1 1736 20 14 


| 


171099 | 1741S 21 16 12 
L 17119 17429 20 4 
17429 I 17435 20 32 
171319 4'9- 20 1085 
171419 | 1247 21 - 216 
| Fig 20 12 1746/9 20 40 
J 17169 1787s 20 34js 
171719 89 20 2c[6 » 
45 5 | 9: 21 4 
1719 F 45 20 5006 
_ 1B 17209 | | 17510 20 36 
17219 ba B 17529 20 2115 
17229 716 12 | 1753/9 21 666 
1723 } 1-1 17549 20 3266 1 
13 1724/9 ; 2 19 | 1755/9 - 20-3316 : 
17258, 20 '54 2 1B 17569 20 230% 
1726 ©. 12 "47 | "STS. 0 
| 172% 20 256 12, 32] | 17589 20 54 
Is 179% 20 1116 12 160 | 17599 20 255 
192919 20 5516 1 c 176892 20 25 
| 17309 | 2 21 1ols 72 


91 
. * , A * * = 
„ 1 
” # 
- o \ 
* : | bd 
7 ” 


| 1 IBI T I. | 
\ The Sun's Mean Motion in Months ond Days. £ 
| we in | LANA "FEBRUARL _ 
Longit. @ | Anom. © + | _Longit. | Anom. © 
| amy 87D: AD 5 —— 
N 0 o 59 1| 1 32r! 1 32 
1 1 580 2 1 272 2 5 
2 77 * ati, 3'. 3006, 31 307; 
3 54]. | 3ſt 4 3c] 4 30 
1 a 1 
5 55 6| Fla 6 22z]t 6 28 
6 54} A 
nnn J 8 26t 8 26 
3 JA. | eee 
o i icq gt 10 25/1 10 24 
| : r 4 + | 
10 50 . | | 1001 11 24/1 11 24 
11 5 fai enn 231 12 23 
12 49 12] 121 13 221 13 22 
13 47] [ 14% 1212 14. al 14 21 
14.47] |_35| ah, 1520 © 15 * 20] 
101 16 16 19 
37 17 18 
18 18 18 
19 19 17 
20. 20 16], 
1 21 21 15 
1 22 22 14 
23 23 13 
24 24 12 
1 23. 121 25 12 
1 26 F 26 111 
27 10 27 10 
28 ff 28 9 FS 
29 ot 29 8 
$2 — W 
1 = ** - oe An | E 
—ʒ—ꝑ—ͤ— = ——— U —Q—— 
EN Ge : TABLE 


"Ancila, Mathematics. 


* 2255 — | DS ; TABLE: II. 
I . N E Ae e. in Months — 
E 
— CTR FEI. | Era — — 7 824 
2 IS.” D. "Mi [Com Cm | By |S. L D. M. 
- Te: 1] 1 12 8829 8 7 03 29 42 
11822 121% 72 7 2 13 0 
- 1-31 4 his ' 602 ” 1 42 6 423 = 23 1 © 4 
= Li: 32 5 6/2 2 4 6 | 1 7 33 72 287 
3 5 . — 22.1 25 40 3 
5 97 ER ET or 66 $13 4 
| e "= 3% 3] V7» 88: 5.36 
: x 6 8-4-1 6 8 202 6 21; rd {13 6 36 
142878 9 2. 32 12 21 n 5 £641 227535 
10 2 8. 02. 81. of! | 10 938 34 
11 70 8 5 © 28 8 590 4 103 9 32 
12] 12 9 59/2 9 580 12 1103 10 32 
13 122 10 5812 10 58 11 1203 11 31 
144 132 11 , 5712.11 57“ 141: 133 12 
| 15 2. 12 350 12 567 15 142 12 2 
160 17% 13 35% 13 550 166 153 14 
17 wel, 14 5 2 14 54 17163 15 
180 17% 15 542 15-53] { 18] 176 16 
16629 18/2 2 16 53/2 16 $3] 19 1803 17 
1. 20] 19 192 2 17 52} 1.20 193 18 
| - 24], 267, 18 51/2 18 51 5 20033 19 24 
1 22 21 4 19 500 19 50) 22 2103 20 
222255 20 492 20 49 23 2233 21 
N 48/2. 21 48) | 24] 233 22 
» 251 .24}8:22 4912. 22 47 J 25]. 243 23 
260 27 23 47/2 23 46 26 2503 24 
27 26% 24 46% 2446 27]. 2603 25 
280 27% 25 4% 27 45 28 273 26 
12> 20 28½ 26 44/2 26 44 129 a 27 
209. 2912} 22 43/2 22 42 | 3 93 28 17/3 
7 302) 20 422 28 4 EEE 29 T7 29 15} 


- 
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" Solar Tables. 


r 


n 


TABLE U. | 
The Kart ag: Motion in Months and Days. [ 
TERRY FARE. 
| - | Longit,”O| Am. | 5 88 O Anom. © | 
Com:|_tiſ$S. "D:" "MS. D. ih}. — DFD Ji. 
i 93 29 ich 29 15 I Ck. 29 47% 29 49 
18 14 0 1 D 14 15 15 2 495 © 48 | 
"od 4%: x þ 114 4 | % 2 6p. 2 of 
1 2 -212]&" 2 134 35 2 465 2 461 
r 3-556 - 2 
6 $54 - 4. II 4 71 | 515; 4 455 4 44] 
J 5 ich 7 0% |; 7 Ob: 5 445 $5 43! | 
7+. 6 14 6. 9 | 25 6 435 6 43 
84 7 K 2 8 | 55... 7 425 2 42 
3924 8 4 8 8 [ro gg 8-415 —$ -41} 
11 104 9: 744 91 7 i 11}. 195, 9 40% 40 
12 1104 10 ( 10 6 12]; 11, 10 45 10.39 
13] 124 ..11 54 11 50 13 165. 11 , 395. 11 38 
144 134 12 4% 12 4 * 14 15 22 398: 12 27 
t5 $7414 13 1 EIT: 1415 - 13 375 12 36 
160 15/4 14 3 11 [ 16]. 1515, 14 345 14 36 
17] 164 15-4 204"! 15 | 12 1 15 358 15 35 
0 8 1 4 16 1 116 1 - 18 11 16. 345 | 16 34 
19 180% 17 ot 17 of |» 19,185. 17, 336. 12 33 
29 29] 17_ 594 17-590 |_20]2915 218 335 18-22 
- 21] 2004 18 584 18 58 E 21 205 19 19 31 
22 21/4 19 :58[4,-19 57 |. 22þ - 21]5 20 31, 20 30 
23] 224 20 77% 20 566 235 22 21. 307 21 29 
244 234 21 5604 21 55 24% 2357 22. 29 22 28 
FF 
: 36} + 25/4 2 4% 23 54% 26% 2% 24 285 24 27 
27] 26/4 24 534 24 5 [272 ; 25 275 27 26 
280 274 25 524 25 32 28 277 26 265 265 25 
25 2804 26 314 26 51] ER 285 27 25 27 24 
224 e . 295-28 245 — 
-—31 304 28 5004 28 49 * L 


All 2 — 


TABLE II. 


The Sun's Mean Montes in M onths and Days. . 


| 


—— 2 — 


1 


7 S Anom. ON | 


| Com.| N D. MP. D, . 


275 q 


29] 27 "586 27 58 


o 2215 © 22 
1 2176 1 21 
2 2 20 
3 22 
4 4 18 
5 5 17 
>. 6 17 
ff 2 76 
8 8 15 
9 9 14 
10 10 13 
* ; Op 11 12 
12 12 1 
1 116 12— 
14 14 1 
15 15 
16 16 
N 18 "6 
11 19 5 
20 20 5 
Net. 21 4 
=22” 3 22 2 
23 W 2 1 
25% 24 241 
25 ß 25 „ 
6 26 cs 25 59, 
26 59 


305 - e 26; "571. 


"AUGUS 


oY "x 


| Longt D — 1 
. Br D. MIS... . A. | 


2 387 21 37 
22. 25 2231 


| 

al 

27} £5267" 
28 27] 

"259! 2 
5 2 "297 28 - 31/7. 28 31 


— 4 — 24 34 
25 347 25 33 
26 337 26 33 


27 327 27 32 


LY 


* 8 a 
_ * 


—2.— 


— — 


. 
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28 304. 


| 25 29 - 
Ae 55 
1 377 1 54 
2 34/7 2 33 
2 
| 5217 4 32 
171 $1 
507 6 50 
3097 7 42 
4517 8 48 
4897 — 47 
477 10 46 
4517, 12 45 
4447 12 444 
447 1 43 
437 15 42] 
4 
40 
| ap 17 39 
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2 : Solar Tables. | 


TABLE Il. 


The Sun's Mean Motion in Months and Days. 


T SEPTEMBE k.. 


Longit. © 


An. G 


ED: 7 


D. 


M|\ 


o 2c 
1 2$ 
2 28 


3 
4 26 


© GN Gm + ww H — © 


1 25 
6- 2 


KS 


UCTOBER.” 


Longrt. © Anon. © 


D. H. S. D. M. 


D 
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elne oo 
LE EI EEE 


Ol > —- 
21 
13 
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ov Wo 


* D "0 
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o eee 


188 


12 


4 
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1 _— »» ll. 
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" £5 - 7 
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— 
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Ale Lebe * 
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"7 AB L E II. 
_ The Sun s Mean Motion in Months and Doe. 


NOVEMBER. | | DECEMBEK. "1-7 
| Lg. ©f Anom. © | Longit. O Anom. © 
DG” AC 5. 71 | . D. HM. S. FD. 71 
Oro © 37110 0 350 i "Orr © 13/11, © 1 
2} 110 36010 1 35 It 1 1411. 1 10 
3] 210 2 36110 2 35 211 2 1011 2 9 
44310 3.35110 3 34 is rg 
ae hee | 
7 510 5 33/10 5 32 


_— 


— 


| 


-wonogdp| = 


610 6 32j10 6 310 
710 7 3110 300 


— & lun ww - 
L> 
24 
> 


1.9 $10 $ zoo 8 29 11,38 5/1 10 
| 10 210 10 8.3900. 9 29 1 Ir 2. 4 12 
11110 10 29/10 15 28 fie 10 15 
121 11 28110 11 27] 1217 17 17 
flo 12 27/10 12 26] [13/12/11 12 20 20 
10 13 26010 13 25 14013113 8 22 |- 
10 14 2/1 14. -24 1014/1 14 | 25 
10 15 24010 15 23] 6151 14 11 Ta 57 27 
8 16 23/10 16 23 t 7 teſtr 15 5801 15 57 20 | 
| 10 17 23/10 17 22] [18{17}11 16 57 16 560 32 
10 189220 18 21 (19]18|r1 17 561 17 551 34 
10 10 19 210 19 2 IE 11 18 55 18 54\ -\- 37 | 
10 20 20110 20 19 54118 19 52 39] 
10 21 19 20 53¹1 20 52 42 
10 22 18 21 52/11 2151 44 
10 23 1701 22 5281 22.51, 47 | 
12 24 St 2 
I 24. 5AL 52 
25 49 34 
26 48|1 57 
22 47ft 59 
28 0 71 28 1 
29 2 . 


"IJ | 
- 9 — 
— eat. — 


8 thor Tl, 


1 
— = "_ St > . 


+ TABLE IV. 


A Table of the Sun't "DRE 0 


ET. 0.) Sign 1. _] Srgn 24 Fin 2: | Sian 7. Sen 4. 


N SU s, Sah. Sub Fah. . 
2 2 "ID. I A. U. 


Nr 
171 Sign. — — | 907g. | W 


'2 
1 
A 


A 
- 
« 4 7 ; | 
_— 19 4 
1 


_ 


gainſt which ſtands 9 8. 


* 


PP of the Tables, oo ene 

FP find the Suns true Place in the Ec/ipticR at any time, by 
theſe Tables, this is the Re AL Hu REI 
C0 6 ot "YU 2, 


From the ſeveral Tables, collect the Years, Month, and 


of the Month, and alſo. the odd Howrs, if any be, and ſet them 


down, one under another, with the reſpective Longitudes and 
Anomalies anſwering thereto: Then add the ſeveral Longitudes 


and Anomalies together. and with . the Sum of the Anomalies, 


enter (Table IV.) of Equations, which uation, Add to, or 
Suſie from "ny ws of the L e 21 the Sum « Re- 
mainder, fhall be the Sun's true Place in the Ecliptict for -the 
time propoſed. | . 950 
3 low Time ts to. be computed. + 
1. Any Day begins upon its own Noor; ſo that the Firſt 
Day 3 at 12 at Noon, is the common Term of the OH 


and New Tears. . | 
Let the true Place of the Sun in the Ecliptic be required, for 
the 16th Day of May, in the Year of our Lord 1703. at 
+ in the Afternoon. © e eee 
Fit, Set down.the Year 1703. then the Month and Day, 
May 16; and /afily, the Hours, 5, as is here due. | 
Secondly, Look for . — | 
1703. (in Table I.) a- IL. S | Anom. © 
- 746 D: 4 S: DM. 
10 D. 14 M. for the Tear 1703. [9 20 14 | 06 13 46 


" © Longitude,” and 6 S. May, Day 19.4 14 03.] 04 12 02 


3 M. for the Long. And 


12 D. 46 M. for the G 4- Hour 5 12 | 12 
nomay; both which ſet ——— | - — 
doro as here you fee. © Mean Lon, [ 04 2910 25-00 
Thbiruly, Lock for Hay quatt. Add. +: 088 E 
16. (in Tabſe II.) agaimt — 1—— 
which ſtands 48. 14 D. © true Place. | 2 o5 35 l U Genini. 


48. 12 D. 2 M. for the Anomaly; both which ſet under the for- 
mer, as you lee. . A 

Fourtbly, Look far Hours (in Table III.) againſt-which ſtands 
12 Minutes, both for the Longit. and Anomal. both ſet down, as 
you foen'F- . e eh, 


— — — 1 — 2 — —ů—— —— — —— & * — — 


A. 
CVE") " 
3 2 1 2 F YT - 
—— * 3 — 6 8 
— — * | 22 AS l 
, * "Y 


. 2 . * E * 7 ” " FELT p \ dls. . * 
4 l L "3. = 4 * 
r - — 2 A pa» * 
w : 
\ - - * % G 2 
oF 2 ” v. 2 - 

* 1 1 

* T * * 
; Anci at ca. 

- 
= 


\Fiftbly, Add all th 


14 Sig. 04 Deg. 
+ remains i 1 
they make 10 Sig. 25 


** 
- 
o 
L \ 


—_ £ * 
2 * 
1 .* 
5 - * 


Sixrbly," (in Table 1) 


ſo againſt it, over 10 Sign, 
Added. Set them under the 


ſo will the Sm be 2 Sig. 05 


oo Min. 


e Longitudes 
29 Min. (from hic 
o Signs. FR Add the Anomalies together, and 


” * —" Fo 


12 Signs, and there 


K for 10 Sigar at the Bottom of the 


Table, and 25 Deg. in the laſt Column towards the Right Hand, 
55 ſhall find 1 D 

ean Longitude, 4 
Deg. 35 Min. And that is the true 
Flace of the Sun in the Ecliptick, which is 35 Deg, diſtant from 


s Min: to be 
add them to ir, 


the /Equinottial Point Y Aries. Note, that 


„ 
together, and they make 
* nd 


7, * ent 
You SA Nn: „„ 
N Other Examples. ; 
| Longit, © Anm. ® In this Brample, it 
IS. D. M. |S. D. M. J being Leap Hur, Ltake 
Year 1720. 9 20 O0 6 12 21 [the Day of the Month 
Febr. Day 29 | 1 28 09} 1 28 o out of the Column that 
Hours 6 | 15 15 hath | Biſex. at «the 
Mean Motion } 11 18 31 | 8 10 45 Head of it. a 
- #quat. Add. | 1 7227 „ 
© true Place. 11 20 23 X Piſces. 7 F 
| Longit. © | Anon.\© | Note alſo, That if 
: 20 S. D. M. | S. D. M. | the Sun of the Sun's 
Year 1713 9 20 48 16 13 10 Anomalies be fleſs than 
April 23] 3 27 23 3/24 22 Six Signs, they will 
At Non Oe ee be pound at the Head 
Mean Motion | 1 12 11 10 04 32 of the ÆSguction da- 
Kaus. Add. | 1 3 1 1 1 © reer 
„5 r inthe Fn Clan, to- 
© true Place. 10 5 46 * 3 eee E Hand, b 
nds S And |; ua! 1671 mu 
a . 5 3 (always) be Subſtract- 
Year 1761 9 21 10 6 12 42 | from the Mean Lon. 
Day 12 11 50 11 50 &7ude; whereas in all 
1116 22 9 it hath 
Fquat. Add. | . ö 
© true Place. 10 430/s | 
* 8 H n In 


| 196 . | Ancilla n DAD... | 
In all the Problems in this Section, it is to be underſtood, * 
n all the Spherical Schemes, or Figures IG e 


| Pole of the World. 
I LEqainottial Circle, or #q uator. | | 
Parallels (or ſmaller Circles ) of Declination of the - 
[; Sun, or of a Star. 
Pole of the Eclipticł. 
Ecliptick.. 
| Parallels (or leſſer Circles) of Attitude of the 
4 wg! Foote or of à Star, or the Eutitude of a Place 
or 
Vernal lauten of the Ecliprick- -and . 
Autumnal 12 
8 e Thy = . of the. Ecliptick. 
ſents Zenith. 
1 | 
Horizon... 
* Vertical Cirde, © or Azimuth of Eaft and 


4 of the Meridian: Or the Place 


n wavy D 
- 3 Sf 


Su- 
= 
14 


20 


9 


in the Horizon, where the dun, or a 
Star, Riſer or Ser. 
Right Angle. 
Sun * 
_PSrar. 1 
Sic, Sun (and ſometimes) Star. 


dend Lavinue, Declnation, Anplitde. 


- * - - * 


* 
LAG 
. 
. 


N. 


99 . 
8888 


SSH V OO N 
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oY 
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* SL, ature F rage vet e 
Aſtronomical Problems. 
Fe PROBLEM I. 
The Longitude, or Place of rbe Sun, in the Ecliptick, being | 
given; To find, | AV wy 47 | / 
#2 1. The Sun's Right Aſcenſion. 4 2 4 
ES 2. The Sun's Declination. + 4 | . 1 
3. The Angle of Poſition made by the Interſefion of the _ 'Y 
K. Meridian and the Ecliptick. OD! 4 
1 N this Problem there is given the Sun's or a Star's Place, 
in Reſpect of the Ecliptick; and his Place, in teſpect f 
the Aqui noctial, is 8 K 4 
8 I. By the Cœleſtial Globe. e | 
Example. Let the Place of the Sun be in 29 Deg. of Tau- 6M 
* ri x, (that is, 59 Deg. from the beginning of Arier V, | 7 
ace which is the neareſt Æęuinoctial Point.) 
T. a The Globe being in any Poſition, (for in this Problem there 


is no regard to be had to the Latitude) count the Sun's Place 
in the Ec/iprick upon the wh np Circle, from Y; and bring 
that Point to the Graduated, Side of the Breſs Meridian. 
Then, (1.) Will the Braſs Meridian cut the Fquinoltial. Circle 
in 56 d. 46 m. counted alſo from /; and that is tHe. Right 
2 And, (2.) The Number of Degtees of the Braſs 
eridian, comprehended between the Æqui noctia! and Ecliptict. 
Circles, will be 20 d. which is the Se Decli nat iam. — And, 
(3.) The Ang/e made by the Interſection of the Braſs Meridi- 
as, nl ws, Ecliptitk 2 A —— of — Sun's Place, 
wi . 23 m. which is ofttion, in reſj 
of the a idian 3 Ecliptick. | | | * 
II. By Trigonometrical Calculation. | 
The Globe being in this Poſition, there is repreſented upon 
the Superſicies thereof, Two Right-angled Spherical Triangles 
10 ſuch as are expreſſed in the Diagrams; and are there noted Fig. 
. wich OR V and O Ru; in which, the Sides © Y and © XXVII. 
are Arches of the Ecliprick 1 and is the Sans Longitude : XXVIII. 
5 wa | © | The © 


& 2 CY 
1 1 LJ WG” > - 
'S 


1, —_— Ancilla Mathematica. 9 
Tie. The Sides Y R and R are Arches of the Æguinactial, and 
* Nn. is the Suns Nr Aſernlon; and the Sides & R a Ahes | 
XX VIII of the Braſs Meridian, and is the Sun's Declination. —Alfo, 
the Angle at J. or =, is the Angle of the greateſt Obliguity. 
of the Ecliptick, (and is equal to the Sun's greateſt Declinati- 
on 23 d. 31m.) The Angle R is a Ng Angle, and the Angle 
O is the Angle at the Suns Paſition, in reſpect of the Ecliprick 
and Meridian Circles. 8 
To reſolve this Problem Trigonometrically, you are to con- 
fider the Quadrant of the Ecliprick, in which the Sun is, which 
in the Figures are fignified by one of theſe Numbers, 1, 2. 3. 4. 
Of which, the firſt is of the Spring, from the beginning of A. 
ries Y, to the beginning of Cancer , c. Then in the Trian- 
gle RV O or R A. | | 
| - C2. The Angle at Y or g, 23 d. 311m. 
There is given, \2. KR V or R =: The Sun's Diſtance from the 
$ befides the Right next guinoctial Point; to be numbred 
= - Angle at R, from Y* or , unto the Degrees of the Sun's - 
* 8 * OP Longitude or Place in the Ecliprick given. 


Pe. R ©, The Sun's Declinanon for that Sign which he is 
In, whether North or South. 
51 . The Degrees found by the] 
| - 31 - | Canon, are the De of 
| | 53 42. The Degiees found. muſt be 
. -3 | 2. The Arch] ſubſtratted from 180, and the 
| 55 FI R, or] remainded are the Degrees of 
eK, hich d 3. The Degrees found muſt be > n 
a if ir bein| added pats and the Sum | lon. 
2 Quadran Ae ͤ the Ses OT 1 N 

5 25 4. The Degrees found muſt be 
ſubſtracted from 360d.andthe | 
Remainder are the Degrees of.] 7 
3. The Angle ©, or the Angle of Poſition, in reſpe& of 
3 : 3 . 
8 the Meridian and Ecliptick Greles. 


©. The Canons for Calculation. 


The Sun being in 29 d. of Taurus , which is 59 d. from 
| Aries T's - TY | | . # 


-- 


: 


1. For 


_ = 


„ Aſtronomica] Tables. 19989 4 
n For the Right Aſcenſion Y ot * R. By Caſe Il]. of R. A. S. TI. F. 
&s the Sine of 90 d]. 7 | 8 
Is 20 the Co-line of the greateſt Obliguity ob the Ecliptick **" * 
„ii 29m. | * AN 
So is the Tangent of the Sun's Diſtance from Y or , 59 d. 

To the Tangent of 564d. 46 m. Which is the Sun's Right 
Aſcenſion; becauſe his Place given was in the Firſt: Qua- 

_ dxant : —But if the Sun had been in x d. of Leo K, or 

29 d. of Scorpio N, or 1 d. of Aguarius =, All which 
We Points are 59 d. diſtant from Y or =; the Right Aſcen- 
N fon would be found the ſame, as before, vis. 56 d. 46 m. 
. But by the Rule before given in this Problem. 


| D. M. 
If the Sun's (1 d. of Leo, in Quad; 2. The R. Aſcen- (123 14 
* | Place given & 29d. of Scorpio, in Qu.3. > fon would 4236 46 
* had been in 1 d. of Aquarizs, in Ou. 4.) have been (303 15 
2 2. For the Suat Declination R O. By Caſe II. of R. 4. S. T. 
As the Sine of 9 d. Sa | | 
Is to the Sine of the greateſt Obliguity of the Ecliptick 23 d. 31 m. 
is So i the Sine of the Sun's Diſtance from / or 59 d. 4 


To the Sine of 20 d. the Sun's preſent Declination. 
Which is North, becauſe he is in a Northern Sign. 


3 2 oe Angle of the Sun's Poſition O. By Caſe III. of R. 


As the Sine of the Sun's: preſent Declination 20 d. 
Is to the Sine of greateſt Dec/ination 23 d. 31 m. 
So is the Sine of the Sun's R. 12 56 d. 46 m. 
To the Sine of 77 d. 23 m. The Sun's Auge Poſition, made 
by the Meridian and Ecliptic Cireles. - 


; | ROS. H. | 


of | The Right Afcenfion, or Declination | the Fun given; 10 » 
and bit Longitude (or Place) in the ba „ 


HIS is the Converſe of the * foregoing Problem; for in 
n T this, the Sun's Place, in reſpethot the Æquinoctial Urcle, 
is given: And his Place, in reſpett of the Ecliptic Circle, is re. 
quired ; And may be reſolved as followeth. | 
| | 1 NT 


For 


| "Pie. V 2 
XXII. 
XXVIIL 


| guinoclial Circle, from the Verna! quinactial Point Aries V, 


Aneilla Mathematica. 
Example. Let the Sun's Rigbt Aſcenſion be 303 d. * and 
lis Declination 20 d. Southward: And: let his Longitude 


(ot Place in the Ecliprick) be require. 
Count 303 d. 14 m. the Right Aſcenſiun given, upon the Æ- 


and bring that Point to the graduated Side of the Braſs Me- 


ridian: Then will the-Broſs Meridian cut the Ecliprick Circle 


in 1 d. of Aquarius x, and in that Sign and Degree the Sun is 


at Noon, when his Right Aſcenſion is 303 d. 14 m. 


Baut to find his Place by his Declination, Count 20 d. (ihe De. 


clination given) upon the Braſs Meridian, downwards towards 


the South Pole (becauſe the Declination given was Southerly ) 
and turn the Body of the Globe about till 20 d. of the Meridian 
do cut the Ecliprick-Circle ; which it will do in Two Points, vis. 
One in 29 d. of Scorpio m, in the third Quadrant; and the 


other in 1 d. of Agiarius =, in the fourth Quadrant; in both 


which Points the Sun being, he hath 20 d. of South Declination, 


and which of thoſe Points you ſeek is determined by the De- 
grees of Right Aſcenſion given, as here 303 d. 14 m. and the 
Globe being in this Poſition, will ſign out the ſame Triatsles, 


mentioned in the foregoing Problem. 


| II. By Trigonometrical Calculation. | 
Conſider the Quadrant of the Ecliptic in which the Sum is, 
(which the Degrees of Right Aſcenſion given, will determine) 
and in this Example will be the fourth Quadrant But the 
given Declination is indifferent in all the Four Quadrants. 
-Wherefore, in the Triangle R Y ©. | 
71. The Angle at Vor is, 23 d. 31 m. the Sun's 
44... *\ - greateſt Declination. 7 6 
he 35 9 Va. The Side R ©, the Sun's preſent Declination 
| — A * 7M 20d. And alfo either of the other Sides R y 
a * 87.) (or R) an Ark of the Eguator, to be num- 
at bred from the neareſt — Point, to the 


Degrees of Right Aſcenſion given. 


And 


As the Tangent of the. Side R, 56 d. 46 m. the 285 4 


— 


7 
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N Aſtronomical Probhms. 2 


| | The 6s. k. for © _ the Sun's nos in 1 
|; % \ the Echptick Circle; from the neare 

And 8 noctial Point, from which Point the Lr. XXVII. 
109 tude required i is to be numbred upon the Eclip- 

tick Circle. 

So the Right Aſcenſion 303 d. 14 m. given, it bing in the 
Fourth Quadrant, will give in the Ecliprick 1 d. of Agua- 
ris . 


The Canons for Calculation. 
1. By the Right Aſcenſion given. 


The Right Aſcenſion given being 303 d. 14 m. are found in 
the Fourth Quadrant, and therefore muſt be ſubſtracted from 
360 d. and the Remainder will be 56 d. 46 m. which muſt 


be made uſe of in the Calculation, "inſtead. of 303 d. 14 m. L 


And then in the Triangle =:@& R, 
1. By the Right Aſcenſion Sin 


ſion, 
Is to the Sine of 90 d. or Radius: 
e 


So is the Co- ſine of the Angle at = 6 


To the Co- tangent of O, 59 d. oo m. Sun's Longitude. 
Now, becauſe the Right Aſcenſion given was in the Fourth 
Puadrant, the Longitude 56 d. 46 m. thus found; muſt be 
in the Faurth Quadrant a which wil de! in 1 d. em 


T1185 F 
2. By the Declination given: 


e Sun's greateſt Declination, 23 d. 31 m. the 
at . 
Is to the 1 ns. 20 d. the Sun's preſent. De- 


clination gi 


| Sv 6 the Radius, Sine 90 d. 


To the Sine of the Site =. ©, 59 d. from Libra n. 


And being in the Fourth Quadrant, it gives the Longitude of. 
" tho'Gan token x dof Aquarius. = =: as before. 


PR O B. 


yo: — Hncilla Matbemakica. 
3-5 — SN 
Fe. The Lands 1 os job 5t d. 30 m. =” Sun's Plate in 
5 - the Ecliptick, 29 d. of Tautus, given, to ford, | | 
XXIX 1. T be Sun e Declination. ä 
2. The Suifs Amplitude. ROT N 2 
3. The Hour from Midzight or Hſcemſton all Difference. 
4. The Time of rhe Sun's Riſing and Setting. 
5. The Length 75 the Day and Night. | 
6. The e of the Sun's Polition at the time of bis Ri- 
_. ling or Setting. ; 5 
FR. I. By the Celeſtial Globe. 8 , 
ing the 29 d. of Taurus to the Braſs Meridian, and you 
bo will find 29 of Taur to lye under 20 d. of the Meridi- 
an, and that is «he Sun's Declination North, the Sun being in 
a Noribern Sign. Then, ſet the Index of the Haur-Circle to the 
South 12, and turn the Body of the Globe Eaſtward, till 29 d. 
of Taurus do juſt touch the Horizon, and there fix it. Then 
. ſhall you 29 d. of Taeurws to cut the Horizon in 33 d. 
18 m. counted from the Eaſt, which is the e of the 
Suns -Ri/ing from the true Eaſt Point of the Horizon North- 
ward: And alſo, the Index of the Hour-Whee!, will point out 
11 m. after 4 in the Morning, at which time the Sun Ri ſeth. 
And if you turn the Body of the Globe about Weſtward, 
till 29 d. of Taurts doth touch the Weſt Side of the Horizon, 
then ſhall the Index; point at 49 m. after 7 at Night, at which 
Time the Sun Serteti h. 5 Th | 
Apain, Turn the Globe about, till 29 d. of Taurur touch 
the Eaſt Side of the Hari aon (as before) and ſet the Index of 
the Hour-Cirtle to the North (or undetmoſt) 12: And then 
turning it Weſtward till 29 d. of Taurus touch the Horizon on 
the Weft Side; and then ſhall the Jade point at 3 ho. 38 m. 
more than 12 Hours, from the Soutb 12: Wich thews that 
the Day is then 15 ho. and 38 m. Long. And if ybui count 
the Hours between the Norrb ra and the rue, you ſhall find 
them to be 8 ho. and 22 m. and that is the Length of the Night. 
And then, for the Angle of the Sun's Paſition, that is to be 
found, as is directed in the agth Element, and in the Problem 
do this Second Part, and will be found to be 56 d. 23 m. 


53396. 


The 
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al Problems, 203 
The Globe being in this Poſition, there is ſented u Fe. 
iche Superficies a4 0 a Spherical Triangle P © 0. | 10 Fi. XXIX. | 
- compounded” of the Arches of ſuch Great Circles of the Sphere, 
as are ingredient in the hg pony viz. Of f O, an Arch of 
the Braſs Meridian, of & O, an Arch of the Horizon, and 
of P ©, an Arch of that Meridian, which cutteth the Eclip- 
tick in that Point in which the Sun is. —And in this Triangle, 
the Angle P O O is a Right Angle: OP O, is the Hour from 
Midnight; And the Angle P S O, is the Angle of Po/irion made 
by the Meridian and Horison, at the time of the San's Riſing. 
Cath II. By Trigonometrical Calculation: | 
In the Triangle P O ©, you have given, (beſides the Right? 
Angle at O). (I.) The Hypotenuſe F ©, the Complement of 
the Sun's Decli nation, (70-d.) (a.) The P icular FO, the 
Latitude 51 d. zo m. — To find, (10 The Baſe © O, che Suns 
Amplitude at his 128 The * 8 PO, the Hour from 
Mignight : And, (3.) Angle P © O; the Angle of the Sur's 
Poſition at his R:/ing. e | 
| Te Canont for Calculation 
1. For the Amplitude, © O. By Caſe VI. of R. 4. 
As the Co- ſine of P O, (the Latitude) 38 d. 30m. 
' Is to the Radius, o d. hl 7 er by +5 
So is the Co ſine of P O, (the Sun's Declination) 20d. 
To the Co- ſine of © O, (the Amplitude) 33 d: 20m. 5 
Which is equal to the Arch of the Horizon. Or ©, which 
is the Amplitude of his Ri/ing from the Eaſt North- 
ward, becauſe the Sun was in a Northern Sign: For if 
he: had+been in a Southern Sign, as in 59 d. of Scorpio, 
the 1 would have been the fame, but from the 
= Ea uthw Wa” « PS £5 HEL "E 
2. For the Hour from Midnight © F O. By Caſe, V. of R. A. S. T. 
As the Radius, * 28 * * * 5 g . dS. 
Is to the Tangent of P O (the Latitude) 51 d. 30 m. 
So is the Co- tangent of P © (the Sun's Diſtance from the Pole) 


20 l. 10 | 7 | 
To the Co-fine of © PO (the Howr from Six) 27 d. 14 m. 
Whoſe Complement, 62 d. 48: iS the Hour from Midnight; 
y 


"4 


which turned into Time, (by allowing 1 5 d. for 1 h. and 4 d. 
for im. of Tye) makes 4 h. and 11 m. Which is the 
Hour from Midnight, 9 2 


dai Mathematica: 
. - ©3- For the Aſtenſiondl Difference. * 


| = XX. - The Hours from Midnight, 4 h. II min. ſubſtracted from 6 h. 
= -, there remitins 1 b. 49 m. which is the A/cenfional Difference. - 
. Org The Time that the Sun Riſes before x in the Summer, or 
KaAtſter Six in the Winter © + 164 Oy 
4. and 8 For the Time of the Sun's Riſizg: and Setting, and 
© (conſequently) the Length of rhe Day and Night. 
The Aſcenſſona! Difference, 1h. 49 m. being added 8 6 h. 
gives 7 h. 49 m. for the Semidi urnal Ark in Summer; or ſubtract- 
: dd from 6 h. gives 4 h. 11 m. for the. Semidiurnal. Ark in Vin 
The Semidiurnal Ark; 7 kh. 49m. ſubſtracted from 12 H. there 
remains 4 h. 11 m. for the time of the Sau Riſing: And that 
ſubſtracted from 12 h. leaves 7 h. 49 m. for the time of the 
Sun's Setting. Add. eine : 
The Semidinrnal Ark, 7 H. 49m. doubled, gives 15 h. 38 m. 
| for the Length of the Day: —And 15 h. 38 m. ſubſtracted from 
i 24 h. there will remain 8 h. 22 m. for the Length of the Night... © 
6. For the Angle PO O, of the Sun Paſitron, at the time 
of his Ning. By Ca IV. of R. A. S. J. 
As the Sine of P & (the Co- Declination) 70 d. 
Is to the Radius: Fr N | 
So is the Sine of PO (the Latitude) 5 ld. ;oum. 56 
To the Sine of PO O (the Angle of Poſtion at the Sn R. 
M.-C 0 ER Bea 
2 . ROB. W. * | 
IJ find the Sun's Meridian Altitude, and bis Depreſſio mar Mid- 
night, be being in am Fat of the Eclip tick. 
E*: the Place of the Sup, be the ſame, 2s in the former 


Problem, viz. in 29 d. of Taurws, Then, 
I. % the Celeſtial Globe. | 
Turn the Globe about; til the 29 d. of Taurus be juſt under 
«tie Meridian; then ſhall you find the Number of Degrees of the 
| Meridian, which are. comprehended. between that Point and the 
5 | Horizon to be 58 d. 30m. which is the Meridian Aſtitudr. And 
if you bring the 29 d. of Scorpio, which is the oppoſite Point of 
| Er 11 4 5 | * the 7 


* 
. 
_-_ 
7. 


- 


4 . 9 | 
an Aftronomical Problems. I 
the Eeliptict in which the Sur is, tothe Meridian, the Number 
of the Degrees of the Meridian between that Point and the Hori- 


Son will be found to be 18 d. 30 m. which is the Saas De- 


preſſion at Midnight, 1 

: In like manner. HYT$ 
& ft; D. M. 
i s oo K) Lou ſhall (54 36 - 2324 
When the) 25 oo N find the J19 25 (And the) 57 25 
Sun is in )29 oo , Meridian Y26 38 Depreſ.) 50 22 
C13 oo YT) Altitude. (43 39 Ne 


> PROB-Y. | 5 4 
To know when Twilight Begins and Ends. 


- below the Horizon, after its Setting. 
The Globe Rectified, and the Sun in 29 d. of Taurus, find the 
oppoſite Point thereunto, which is the 25 d. of Scorpio; and bring 


205 


unis begins, when the Sun is 18 d. below the Horizon be- 
fore its Ring: And endeth, when the Sun cometh to be 18 d. 


Fig. 


XIX 


- 


that Point, as alſo the Quadrant of Altitude, both of them on 


the Weſt-fide of the Meridian ; and then move both the Body 
of the Globe, and the Quadrant of Altitude alſo, till the 294. of 
Scorpio lye directly under 18 d. of the Quadrant of Altitude: 


Which done, keep them both together, and then Tee how many 


Hours the Index is removed from 12, which you ſhalt find to 


de 1 h. and 8 m. So that Twilight begins at 8 m. after 1 in the 


Morning. And this being taken from 4 h. 11 m. the time of 
the Suns Riſing that Day, there will remain 85 3 m. which is 
the Length or Continuance of the Twilight. Alſo if you double the 
time of the beginning of Twilight 1 h. 8 m. you ſhall have the 

length of dark Night, which will be but 2 h. 164 m. 
n like manner, if you would know when the Tiligbt endeth 


after $un-ſetting, you muſt bring the 29 d. Bf Scorpio (the Point 
oppoſite to the Sun) on the Eaſt-lide of the Meridian, making it, 


18 d. of the Quadrant of Altitude, to meet, then the Index 


will ſhew 10 h. 52 m. and till that time of Night doth Twi/ght $ 


continue. 


112 


W 
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Fre. "<2 gh 3 A 
XXX. i a 4 | 2 +20 a H. N. 
Lach (29 S 10 rt 500% 
The) 8 7 Diy break 52 8 Twilight 6 80 
Sun in) 2 = will beat) 4 6(%) aſt ll) 7 5462 
Cos) ne 9190 8 
And if you go about to find the time of the beginning and end: 
of Twilight, all the Time that Sun is paſſing from 2 d. of Gen. 
10 20d. ot Cancer; Which is from about the 12th of M wy 
+ - 12th of Fug, you ſhall find that there will be no Trw:/ig 
A. bur all that Time continual Day: For all that Space of 
Time the Sun never deſcendeth ſo ET as 18 d. under the Ho- 
viton, in the Latitude of 5x d. 30 m. 
-  « The former of theſe Two laſt. Problems nada. no Trigono- 
metrical Calculation: But, if to the Sun's Declination for the 
Day (or Place of the Sum) given, 20: d. you add the Comple-- 
ment of the Latitude given, 38 d. 30 m. the Sum of them 58 d. 
30 m. is the Meridian Attitude for that Day that the Sun is in- 
58 d. of Taurm.- 
But if the Sun had been . 29 d. of Scorpio, a Southern Sign, 
then the Derl i nation 20 d. ſubſtracted from 38 d. 30 m. the Com- 
plement of the Latitude, rhe Remainder 18 d. 30 m. will be the 
8 Altitude. + _ 
Por the Depreſfon of the Sun, he being upon the Meridian at: 
Midnight, it is the ſame with the Merid) ian Altatude, when the 
Bann is in the oppoſite Sien. | 
80 the Depreſſion * idnight when the Sun is in 
n e 1 0M 0 Cheng. 153 30 m. 


* d. . 58 d. 30 m. 
s ; 
he * 
; * * o | | " 
4 7 , g 2 s 
x * 22 A 


PROB. 


del Problems. = 
E RO B. VI Fes WIE 


Tbe Latitude of Place, and the Sun's Place in the Ecliptick (and 

conſequently bis Declination) lein given; To find . ö 

1. What Altitude tbe Sun ſha/l at Six a Clock, 

2. moot Azimuth be toi be upon, at Six a Clock, Morning or 

Vening. | 4 in TSS. 

3. The Angle bf the Sun's Pofition, made by the Interſeffion 

the Vertical Circle, and the Meridian which paſſes ß 
the Sun at the time of the Queſtion. | | 


LL theſe Problems are N in uſe, when Sun is in a Nor- Fg. - 
| thern Sign, and ſo hath North Decli nation: For the Sum is XIX. 
never above the Horizon (in either of the Temperate Zones) when. 
he is in a Southern Sign, or hath, Santb Decli nation. 
I. By the Cœleſtial Globe. An 
1. For the Altitude at Six 9 d. of Taurus to the 
Meridian, and ſet the Index of the Hour- Circle to 12; then turn 
the Gobe Eaſtward, till the Index of the. Hour. Circle come juſt 
to dix a Clock: Then holding the G/obe there, Ro Buadrant 
of Altitude juſt over the 29d. of Tauruu, and there you ſhall 
nd it to cut 15d. 30 m. of the Quadrant. And ſuch Atirude 
hall the Sun have at Six a Clock in the Morning, and the ſame 


at Six at Night. 4 1 # „ 
| And ſo, * In) "or . g * . 
Nis o N) be Sans Abtuude (12 32 
When the Sun is in at Six will bes 
a 1300 Y) found tobe, (4 2 


2. For the Azimuth at Six. Bringthe 29 of Tauriæ to the Me. 
ridian, and ſet the Index of the Howr-Wheel to 1a; then move 
the Globe till the Index lye upon Six ; and holding the Glabe 
there, lay the Quadrant of Altitude juſt, over 29 d. Taurus: Then 
ſhall you find, that there are 77 d. 14 m. of the Horizon con- 
tained between the Inter ſectiog of he North Part. of the Mem- 
dian, and the Quadrant of Altitude W's 1s the da imutb from 
the North; or 12 d. 46 m. from the Eaft, which is the 421. 
muth from the Eaſt, or 102 d. 46 m. from the South, which is 
its Azimuth thereſtom. | 


* 
4 


© 


| 


: 
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In like manner, RL 
D. l. n den da 
16 0 K) The Sur's Azi-( North|Eaft or Weſt, Sout) 
2 muth at 6 will) 79 49 10 11 100 11 
S) be found to be | 
(is o from the, (86 47) -3-13 [|-93 13 


II. By Trigonometrical Calculation. 
The Globe being in this Pofition, you may diſcover upon the 
Superficies thereof a Spherical Triangle, ſuch as in the Figure, is 
noted with Z P ©; in which, Z F is an Arch of the Meridian, 
F & an Arch of the Hour. Circle of Six, and Z. O an Arch of an 
Asimutb, or Vertical Cirele: In which Triangle there is given, 
(beſides the Right Angle at P). (I.) The Perpend ez P 
28 d. 30 m. equal to the Complement of the Lad | (2) \Ttz 
_ Baſe © F, 70 d. equal to the Complement of the Sun's Declination - 
To find, 01 ) The Hypotenuſe 2 ©, the Complement of the 
Sun's Altitude at Six. (2.) The Angle © Z FP, the Sun's Azi- 
muth at dix aClock: (30 2.0 F. the Angle of the Sun's Fo. 
ian. 
N The Canons for . | 
1. For the Hypotenuſe Z. ©, (the Complement of che Sans AL 
| De al . gen 4 8. 'T. — 
As the Radius, | 
| Is tothe Co-fine of Z P, d. 5e m. 
So is the Co-ſine of OP, ? ; 
To the Sine of 15 d. 32 m. (the 122 of Z 7417 
And fuch A/tizude the Sun will have, at Six a Clock, n 
or Evening) when he is in 29 d. of Taurus. 


2. For the Age F Z O, the Sun's Azimuth at- Six a Caoc | 
dy Cafe XIII. of R. A. . T. 


8 Tangent of ©P (the e 70d. . 
'Is to the Radius: 
Sa is the Sine of Z P (the SLi 38 d. 30 m. 


To the 33 46 m. 
Whoſe plement 77 d. 14 m. i the 4% . Z P, the 


:Sun's Azimuth from the North Part of the Meridian, 


* 


| 3. For 


"Aſtronomical Problems. 1 


4 


3: Fir the Angle of the Sun's Poſuion, 7 © r. By Ceſe Xl ie. 


As the Sine of © P, 704d. 


Isto. the Sine of © Z P, 73 d. 14 m. 0 N - SE 


So is the Sine of Z P, V . 4 
To the Sine of Z OP, 4 15 m. 
Which is the Angle * he Sun's Poſition. * 


P:'R O B VII. 


Having the Ldcirbide, 514. 30 m. the Sun's Place, 59 Tau- 
rus, (or Declination 20 d Groen, er in the foregaing Problem; 


To 


I. At. whar Hour 'the Sun be upon the Eaſt or Welt 
| Azimuth. - 


2, What Altitude the Sun ſhall have when be i upon the Eaſt 


or Weſt Azimuth. 
3. The Angle f the Suns poſition. 5 


1. H the Geeliſtial Globe. 


Ba the 29 d. of Taurus to — Meridian, and the Inder to 
12 of the Clock. Alſo bring the beginning of the Degrees of 


the Quadrant of Altitude to the Eaſt Point of the Horizon, and 


turn the Globe about till the 29 d. of Tzurms do touch the De- 
grees of the Quadrunt of Altitude then ſhall the Index point at 


4 paſt Seven; at which time, in the Morning; will the Sun 


exactly upon the Eaſt  Azizwrh, or Point of the Compaſs. 


And if you = the Quadrant of Altitude to the Weſt. Point of 
. the Horizon, and tarn the Poo about till 29 d. of Taurm touch 


the edge of De thereo 
of the Clock, and 77 m. at which time, in the Afternoon, . will . 


the Sun be upon the 


In the ſame manner, 8 S 
| D. Al. DM.. DAM. 


16 o c lt will 6.57 
(45 'be my ng FEY EY 
1 13 oo Y) EaftatCs 17 543. 


the Howr-Index will point at Four 


eft Azimuth 01 Foint of the ace] +4: 


Then for the Sun's Altitude when he will be upon the Eat ot 


Weſt Azimuth. 


Bring 29 d. of Taurw to the Meridian, and the Quadrant of Al- t 


t:tude to the Eaſt or Weſt Points of the Horizon: Then turn the 


Glabe 


ns" Wo a 


Globe about till the 29 d. of Tara touch the Lathen of 4. == 
* titude, and you ſhall find it to touch at 25 d. 5 m. of the Ku. 
dtrant of Aron, and ſuch Altitude _ ths: an} when ho s 
upon the Eaſt or Weſt * | * 
; > ag | 


- 
: 


- = ” = , 


| 185 Ny its Ati + + „ 
ph . I 85 its Altitu en\20 19 
- - wn aki, Eaft or He, wil 
=. 13 co 7 be found, 
| * II. By Trigonometrical Calculation. 


: _ The Globe being in any of the former Poſitions, you will "F 
upon the Superficies of it a Spherical Triangle, Z P ©, 
uch as in the Figure) -Right-angled at Z, which is compo- 
ed of Z P, an Arch " the Braſs Meridian, equal ro the fp. 
| ment of the Latitude 38d. 88 2 2 ©; an Arch of the Ga- 
grant of Altitude : And of FS, an Arch of that Meridian (or 
cle) which cutteth the. Fall prict in the Place the Sun is 
in. 25 1 Kai 2 them is given (beſides tha Rg Angle 
at Z, (1) hr the Complement” of the Lari- 
tude 38 d. x Ok he Hyporenuſe P ©, the Complement of 
the Suns E find; (1:) The Angle PS, 
— the Hour at which the — be upon the Eaſt or of leimuh. 
= (z.) The Side Z O, the Complement of the A/rritude"he ſhall then 
| have: And, (3.) The 4ng/e 2 OP of his Poſition. © 


[- ' The Canons for Calculation. © 
” | 1. 
| | E 


6 36 


8 
— 


'1 


the Angle Z P ©, (the Hoyr from Noon, that the Sun 


due Eeft or We by hi oFR. . 6% 
the. Radius, E 1 
6] ent of Z.P, * d. 20. 80 1 þ $528 50 
- So is the tor , 20d. | 
To the Co. ſine of ,P. ©, 73 'd 10 m. 
Which converted into iS 4 b. 33 m. . Whoſe Com 
Wh. - 7m at u 


Re * will ee e 


4 


a 
- 


c * o 1 
3H 
| ET: . For 
* 
- ' : 
-— — b = « 
. „ 1 4 . 


Ir 


Aſtronomical Problems.” * 211 


2. Fot the Baſe Z ©, the Complement of the Sun's Aimde, f, 
* - when due Eaf or Weſt By Coſe VI. of R. A. S. I. XXII. 


As the Co- ſine of Z P, (the Co- Latitude) 5 1 d. 3o m. 
To the Radius: | *Y | 
So is the Co-fine of P © (the Derlination) 204, 
To the Co-fine of Z © (the Altitude) 25 d. 55 m. 
And that is the Sun's Altitude. 
3. For the Angle Z © P, of Pofition : By Caſe V. 
As the Sine of P ©, 50 d. 
To the Radius ; | 
So Sine Z P, 38 d. 30 m. 
To the Sine of Z O P, 41 d. 29 m. 
Which is the Angle of Poſition. 


P ROB. Vun. 


The Latitude of the Place, the Sun's Place in the Ecliptick (or 
his Declination) being given, to find, | 
1. What Altitude the Sun ſhall have at any time of the Day. 
2. What Azimuth be ſhall then haue. And, 
3. The Suns Angle of Pofition. 


Let the Latitude given be 5 1 d. 30 m. North, the Sun's Place 
in the Ecliptick 29 d. of Taurus, (and ſo bis Declination 20 d.) 
And let the Hour be 9 in the Morning, or 3 in the Afternoon. 


I. By the Cœleſtial Globe. 4 


B the 29 d. of Tauris to the Meridian, and ſet the Hour- 
Index to 12 a Clock. Then turn about the Globe, till the 
Hour-Index point to the given Hour, (ſuppoſe 9 in the Morning, 
or 3 in the Afternoon :) There keep the G/obe ; and laying the 
Quadrant of Altitude over the 29 d. of Taurw, you hall 
find 43 d. cut thereby; and ſuch Altitude ſhall the Sun have 
at 9 in the Morning, or 3 in the Afternoon. - And at the ſame 
time you will find the Quadrant of Altitude to cut the Ho- 
rizon in 24 d. 37 m. counted from the 575 or Weſt Points 
thereof; and ſuch Azimuth will the Sun have at 9 a Clock 
in the Morning, or 3 in the Afternoon, when he is in 29 d. of 
Taurus. And by this Problem the Sun's Altitudes in any Sign or 
Degree of the Eclipticꝶ at all Hours may be found, as in theſe 
following Synopſis or Tables. | 
| 4 


1 Haxcilla "Mathematica: bra, 
"ka Altitude he Sus hall have at every: 


Eig. 
XXI. 


4 Table, f 
Hour of tbe 
Signs of the an 


a 


WV 
* it 1 1 


© 


the Sun 
being in the 


beginning of 


wy: 


Cancer 


2 


0 At the H. 
XII. 
KLE 1 
KI 
IX. III. 


VIII. VI. 
VII. 


V. 


—— 


IV. VIII. 


_=_ 


His EI be 


EE 


r 


4A 


D. M. 


"62 OO 


59 43 
33. 45 


44 424 3 


35 41 
27 17 
18.1] 


9 32 


34 13 
24 56 


n 


„in the beginning of every of the 1 


> Wears. 
Or 


D. M 
27 
36 58025 40 
21 51 
15 58 


o 6 


134 


15 40 
6 0 


Capric. 
; 386 4. T | 


D. M. 
1118 181 


8 33 


Agua | 


or 


17 6 


13 381rc 


8 12 
1 15 


4 


D. M. 


wy WW WF WW US % 
2 , 


" 


Tr Alita on the 


ä Afronatiial Problent.. I 11 


A Table, ſhewrne- FE Altitude the Sun ſhall have, he being Fe. 


* every Tenth Azimuth from the South, in the beginning XXXI. 
of every | | 0 


of the Twelve Signs. 


The r in Leo Virgo [Libra For \\Srgitr). © | | 
the begin- £ | 5 P k on or |Capric. | 
ning 0 . Taur. Aries. Piſces Aqua. 

- . 
d. A2. D. AM. D. MD. M. D. M. D. M. 


=p 
7 
O, 


49 3838 4126 3017 45114 25 
48 33136 46025 1016 F512 41 
6 4934 34/22 27/13 15] 9 45 
57 20153 2943 51131 21118 4$| 9 145 24 | 
54 3150 12140 27 5113 58 3 57% 0 6 
49 56145 53135 231 41] 8 0 | 
44 4040 25129 27115 12} 1 © N 
28 11133 46/21 29 7 52 
30 38026 10[14. 25 4 
100 22 27118 2| 6 45 1 | 
110 14 14] 9 58 1 

$1204 U 6 34 2 30 | [ 7 | 


VIZ. 


wo 
O 


Des. of Ari. 


muth from the Sout 
8 88 


A 
O0 


8 
will be found to be 


=y 


Theſe Tables are of good uſe for the maki of Cylinders, 


Quadrant, and other Inſtruments, that give the Hour and Agi- 
muth by the height of the Sun, and alſo to infert the Tropicks 


and other Signs of the Zodiacks and Azimutbs into Sun-Di- 


als, Oc. f 


IT. By Trigonometrical Calculation. 

The Globe continuing in the ſame Poſition you left * you 
may diſcover upon it an Obligue Spherical "Triangle Z P ©, 
(as in the Figure) .conftiruted” by the Intetſections of Z P, pj, 
an Arch of the Braſs Merwian, Z ©, a Part of the Quadrant xx N10. 
of Altitude: And of F O, an Arch of a, Meridien, pafling - 


- through. the 29 d. of Taurus in the Ecliprick, or Hour Circle 


of 9 or 3 a Clock. | | 
In which T7:a7g/e there is given, | 
1. The Side Z F, (the Complement of the Latitude) 38M. 


zo m. 
K k 2 2. The 


158 "Ancills. Milhematirs. 


> Side P © (the Complement of the Sun's Declination, 
IM his Diſtance from the Pole) 70 dd. 
£ Ys 2 1 Z P ©, (the Hour Cure * 9 ox 3 4 Clock ) 


45 d 
To find, 
1. The Side Z © (the Complement of the Sun's Attitude.) | 
2. The Angle © Z P, (the Sun's Azimuth from the North 


Part of the Meridian. ) 
3. The Angle of Poſition, Z OP. 
| The Canons for Caleulation. 
By Cafe III. and Cafe IX. of O. A. S.T. 


Ci.) As the Sine of half the Sum of the Two given Sides, 
Z P, 38 d. 3om. and P © 70, viz. 54d. 15 m. 
18 ro the I of balf the Diherence of thoſe Sides, vig. 


15d. 5 


So is the emen of half the given Angle ZP ©, vis. 


2. | 
To the Tent of half the Difference of the unknown Angler, 
at Z and ©, vis. 38 d. 48 m. 


15 


Then 
(2) As the Co-ſine of halF'the Sun of the given Sides Z P and 


P ©, vis. 3 * 
J to the Co ſine ob half half the Difference of thoſe Sides, viz. 


74d. 15 m 


wy | Sos the Co angent of half th given Angle ZP e, vis. 22 d. 1 


To che 8 of half the Sum of the Two unknown Angles 
| ZG ef, viz, 75 d. 49 m. 


Then, | D. M. 

The half Sum before found is : 75 49 
The half Difference before found is 238 48 
The. Sum of them is 114 37 

The Difference of them is 37 Ol 


The one equal to the greater Ang/e @ Z P 1 14 37, which is 


the Sun's Azimuth from the North Part of the Meridian + From 
the South Part 65d. 23 m. and from the Eft or Weſt 24 d. 37m. 


The other, equal to the leſſer Angle Z OP 37 d. rm. which - 
3 the 18 115 che Sun's Poſe Hon. 


PRO B. 


/ 


I oF heads * 9 5 n „ „ 
The Latitude of the Place (5+ 4. 30 m.) the Sun's Place in the 


Eeliptick (29 d: of Taurus; or 29 d. of North Declination) and 


the Sun's Altitude (12 d.) being given; To find, 


1. The Sun's Azimuth, from the Eaſt, Welt, North or South. 


Paint of the Horizon: = 7 
2. The Hour of the Day, from Noon or Midnight. 
3. The Angle of. tbe Sun's Poſition... 


I. By the Caleſtial Globe. 

I. For. the. Sun's Azimuth. | 
T HE G/obe being Rectified, Ec. and the Quadrant of Altitude 
fixed, and brought to the Horizon, turn 29 d. of Taurus 
_ towand the Eaſt, if in the N ; or towards the Wet, if in 
the Evening, till it come to lye juſt under 12 d. of the Quadrant 
of Altitude; and then note at what 1 in the Horizon the Qua. 
drant of Altitude reſteth; which will be at 17 d. $ m. from the 
Eaſt, if in the Morning, or 17 d. 8 m. fromthe Weſt, if in the Af- 
ternoon, which is the Azimuth from the 17 or Weſt towards 
the North. And this Azimuth, if reckoned by the Points of the 
Compaſs upon the Horizon, will be E. by N. 5d. 35 m. North- 
ward, if in the Morning; or IW. by N. 5 d. 53 m. Northward, 
if in the Evening, when the Sun is in 29d. of Taurzs, and hath 
12 d. of Altitude. Now if you count the Degrees of the Horz- 
Eon between the Quadrant of Altitude, and the North Part of 
the Meridian, you ſhall find them to be 72 d. 52 m. which 
is the Azimuth from the North: And if you count them from 
the South Part of the Meridian, you ſhall find them to be 107 d. 
8 m. which is the Azimuth from the South. 
| In like manner, 7 


| D.. M... 
The Latitude . being * 51 30 
The Suns Place I OO Aguari us. 
The Suns Altitude © 11 c 0 | 


Then will the Azimuth be found to be 56 d. from the Ea? 

or Weſt, towards the South, which (by the Points of the Cong 
aſs upon the Horizon) will appear to be S. E. by S. if in the 

Morning, or S. W. by S. if in the Evening. | 


N 2. For 


_ Anil Mathematica. . L 
2. Fr the Howr-of the DP. 


75 of Lana to the Meridian, and ſet the Index to 
ha. Then, bf vo the Forenoon, Rt the Quadrant 


"2 Al:irade on the Ef Side of the Merithen ; but on the Wef T3 
id 


< if it be in the 4 ernoon. And turn the Glabe 
the 29 d. of Taurus meet with 12 d. of the Quadrant Fro 
rude 5 and then ſhall the Index of the 1 point at 5 
a Clock, and 36 m. if it be in the or at 24 m. after 
6 of the Clock, if it be at Night. And that is the true Hour 


of the Day. 2 
| Ry In like manner, * 
The Latitude being 3 
tu 1 51 30 | 
The Sun's Place W I 2 Tuuris. 
The A/tnude 36 
Then will the Hour ofthe Dey be found to be either 9 H the 


Morning, or 3 in the Afternoon. And which of theſe Hours it 
is, may "beſt bs known by a ſecond Obſervation of the A/rrthde 
For if the Altitude do increaſe, it is the Forencon 3 but if it 
— it is s ho Afternoon. 


EM, gee rt. 50 

$ Place in _— 

Hour of the Day would be found to be PT 

The our of the Day wo to aides 8. in 

che Afternoon. Or if it were in the Forenoon, 1 7 

zn the Morning. | | ” 
23. For the Angle of the Sun's Poſition. - 

| This may be found by the 26th Element and as is ta 24 

the Præme before this Second Part: And i in this Exam 

de found, to be 39 d. 16 m. | 


| II. By Trigonometrical Calculation. 8 
The Globe reſting in the ſame Poſirion 1 u leſt it, when you 


wrought theſe Probleme upon it, you will diſcover upon it an 
"bi que-angled Spherical Triangle, ( fuch as in the Frgwre, is noted 
with 2 0 P: Which Triangle conſiſis of, (1.) Z. F, an Arch of 
the Braſs Meridian, equal to the Com plement of the given Lari- 
» tude, 38d. 1 8 (2.) Of Z O, 2 of the el. | 

| * Alti 


= bY - * p. AF | * 
Aa Problems... 


Altitude, croſſi 11 the: Ecliptia in 29 d. of Taurus, where the 
Sun is 12 d. high, and is equal to the Complement of the Sun's 
Altitude 78 d. 3) An Arch of a Meridian (or Haur- Circle) 
P G, n ough 29 d. of, Lurie, and croſſt me Baa- 
dront of tude in 12 d. thetgof, and is equal to the Comple- - 
ment of the Sun's Declination (or his Diſtance from the _ 
70 d. Sb that the Three Sides of this Trrangle are Given, and 
the 3557 Anzles a Required. | 
= i 9 | The Canons 50 Calealation. 
n For the Sun's * the . ® Z. 18 By Caſe IX. 
of O. A. S. T. 
D. M- 
The Side OP, the 0. declination, is 70 oo 
The Side 2 the Co- altitude, is oo 
The Side Z P, the Co- latitude, is 7 38 30 
- Their Sum is | 186 30 
Their half Sum is - 193 15 


"The Dj 2 the half Sum, 21781 OP 23 ng 


| J A0 ci due 0 7 | 
to-the Sine of the ha Shi 11 15 m. 00 86. 45 m.) 
g MILL of the Difference, 23 d. 15 m. | 2M 


Io the Sine of 40 d. 20 m. | 
(3.) To this Sine 4 20 m. add the Radius, and it will bs 
19.8 11063; the balf 2 9.905531 is the Sine of 
53d. 34M. Whoſe Complement 36 d. 26 m. doubled, 
makes 72d. 52 m. And that is the Quantity of the Angle 
© Z P: Or 1 4 Sun's Azimuth from the North Part of 
the Meridian. And that taken from 90 d. leaves 17 d. 8 m. 
tor the Sun's Azimut the Eaſt or Weſt. And that ad- 
1 gives 107 nne Sun's 4 Te 


FEY 


OTE "COIL © 
3 


# © 


218 0 2 Ka | 
. 2. Fot the Hour, the Angle ZP G. By Ciſe L of O. A. 
= As the Sine of the Side P © (70 d.) 


' thoſe Degrees are the Degrees of the 


"LY s 4 k os ) , : 
\ - —_ : | —_ N Nr ö 
Ancilla W 
* * 


Is to the Sine of the Angle 2 Z F, 02 d. 52 m.) 


So is the Sine of the Side Z © (78 d. 


To the Sine of the Ang/e Z P ©, (84 d. 7m.) ' 
And that is the Hour, counted from the North Part of the 
Meridian (which in Time is 5 h. 36 m. that is, 36 m. 
after 5 in the Morning, or 95 d. 53 m. (or 6 h. 24 m.) 
. For the Ang/e Z © P, the Angle of Poſition. Caſe 
. 0b C. 4.8. T. 2 4 
As the Sine of the Side P ©, (70 92 ET, | 
Is to the Sine of the Ang/e © Z P, (72 d. 52 m.) 
So is the Sine of Z P, (38 d. 30 m.) | 
To the Sine of the Angle Z O P, 39 d. 16 m. 
Which is the Angle of the Sun's Poſition. 


PRO B. X. 3 
* To find the Longitude and Latitude of any Star. 


HE Longitude. of any Star is an Arch of the Ecliptick, 
contained between the beginning of Aries, and the Interſe- 


- | ion of an Arch of a great Circle, which paſſeth through both 


— Poles of the Ecliptick, and alſo through the Body of that 

. ING 

The Latitude of a Star is that Part of an Arch of a great Cir- 

cle, which paſſeth through both the Poles of the E:/iprick, and 

through the Body of the Star, and is contained between the 

Echptick Line and that Star. | : 82 
I. For the Longitude ©, Skrew the Quadrant of Altitude over that 


Pole of the Ecliptick which is neareſt to the Star, whoſe Lon- 
- gitudeyouſeek. Then laying the Quadrant juſt over the Centre of 


the Star, look what Degrees of the Eclipticꝶ, are cut by the (count- 


ing them from the beginning of Aug parece of Altitude, and 
's Longitude. So the Quas 


drant of Altitude Skrewed over the North Pole of the Ecliprick, and 
laid ppon the bright Star Capella, the Quadrant ſhall cut 77 d. 16 m. of 
| ; | the - 


* 


_ * : & - 1 0 "by Sas + 2 Fe | 2 & SOM 
Ane Problems: ©2319 

che Ecliptick Circle,«counted from the beginning of Aries; and Fg. 

that is that Stars Longitude. 9 i f XXXIIL. 


Note, That the Poles of the Ecliptick are diſtant from the Poles 
ol the World 23 fd. on either fide. - ©, 


For the Latitude, the Quadrant fitted as before, and laid over 

' the Centre of Capella, the Star ſhall. cut 22 d. 50 m. of the 

Quadrant of Altitude; and ſuch is the Latitude of that Star, 
North, for that it lyes on the North Side of the Eeliptick Line. 

This needs no Trigonometrical Calculation. = | 


©Z:: cc: ÞPROB XL | | 
To find the Right Aſcenſion and Declination of a Star. 


1 Right Aſcenſiom of a Star is that Arch of the Æguino- 
ial, which is contained between the beginning of Aries, 
and that Point which comes to the Meridian with that Star. 
The Declination of a Star is an Arch of the Meridian contain- 
ed between the Æguinoclial and any Star. 7 
For the Right Aſcenſion, (the Globe being relied) bring Ca- 
pella to the Meridian, and then ſhall you 73 d. 7 m. of the 
Equinottial contained between the beginning of Aries and the 
Meridian, and that is the Right Aſcenſion of Capella. fon. 
For the Declination, bring Capella to the Meridian, ſo ſhall you 
find 45 d. 37 m. of the Meridian contained between the /Equino- 
ial and Capella; and that is the Declinatioz. ... that Star. And 
in this manner you may find the Longitude, Latitude, Right 
255 fon, and Declination, of any other Star upon the Cæleſtiai 
Globe, as in this following Table of the principal Fixed Stars 
of the firſt Magnitude you ſhall find. 
This needs no Trigonometrical Calculation. 


* 


7 * 


1 


LI 


Fi N = Langit. Larry, 
* [Stats N 1 1D. MD. 


" _ l 2 F * 
y - 
- % X y ay 
8 9 \ 
| 8 Y Dy . 
4 . 
ö 10 SY © % 4 4 
8 * „„ 8 4 
1 S & . % - N 1 
3 _ 
- 
. 
— 


- 
— 
| + 
. 1 1 


| e 
Arturws | 361 1B] 
+Lacide Lyra 1280 436 47]B |.-. 
"Algol As 22 A0 6 : 
Capella 1622 
Aldebaran 1235 
Regulus 11 0 
Cauda Leons 167 12 
Spica Virgin. |1 iff 1 
Antares - 13F 4 ; ; 
; 21 


rocyon 15 Wt 
Sworn 
Jo find the:Diflance of Two Stars. 


nF the Two Stare be both of them under the ſame Meri. 
Ae Bring them. der the General (or Br) Nen 
| ee waar es OF Meridian: are contained. 2 8 
thery, for that is theit Hr ined between 
2. If they lye not under the ſame Meridian; but have 
the. ſame, Declination, or lye in the ſame Parallel, Bring 
one of them to the Meridian, and ſee what Degrees of the 
guinoctia are cut thereby: Theo bring the other Srar to the Me. 
ridian, and count what Degrees of the Aquinottiabare contained 
between the Meridian and the Degrees before found; for that 
is the —_— of _ —＋ _ % 
3. If the Two Stars do neither lye under the ſame Mer; 
gor in the ſame Parallel, Then lay the Quadrant of Alt, har, 
(it being looſe) to both the Start, and the Degrees of the 
* Quadrant contained between the Two Stars is their Diſtance... 
Aud if the Quadrant be too ſhore, you may uſe the Circle of 


Poſition, or take their Diſtance with a pair of-Calone-C 
and meaſure their Diſtance upon the gui nocli al, = 2 


Thus, 


great Circle. 


* eee, 221 
"ts Te Shoulder of and the Ri br Shoulder of 
89 being under the ſame Tg — ill be A 
found 5 74. SEW: | | 
e 'S N 8 Y 4 
1 * the Lion 8 Neck. being near ls the fame Parallel 
: their Diſtance will be found to be 57 d. 
x N Likewiſe, | F S090 


"Tis theH and amen the Wing of Peg eſas, will be 
found tobe diſfant sz d. 
The finding of the Diſtance of "ou upon the Celeſtial Globe 


is the ſame as the finding. of Diſtance of Places upon the Ter- 
reſtrial, and conſequently the Tziang/es made upon the Globe ate the 
{ame alſo : So that the Canons tor Calculation for finding them 
* be the fame alſo, and needs not be here again W 


at __— api PROB. XIII. 20 . 
To know 'what' Stars tor be 1 the. Meridi * 4 Hour 
of the Night. 2. an n uy 


2 Sun being in 1 29 1 of Tara kar PEP will be up- - 
on the Meridien at 10 aClock; and 12 m. at Night. Bring 7 
29 d. of Scorpio (which is the oppoſite Sign to Taurus) to te 
« Meridian, and ſet the Index of the Hour Circle to 12. Then 
turn the Globe about Weſtward till the Index point at 12 m. 
after 10 a Clcck, and there hold the Globe; and all thoſe Stars 
which lye under the Braſs' Meridian are then upon w_ Meri. 

d ian, of which Arcturis is the Chief. | 
This needs no Trigonometrical Calculation. 


* p R O B. XIV. 


75 know what Day in the Tear ap Set Sal be 17 "the n | 
dian at 12 4 Clock at Night. | 


Ring the Star to the Merilian, Fey mark what EE of 
the Ecliptick is Juſt under the Meridian at the ſame time:: 
Then find =_ 8 ee of the Ecliptich in the Horizon, and note « 
what Day of the Year ſtandeth againſt it, for that Day of the. . 
Year wi that Star be upon the South Part of the Meridian 
at 12 at Night: And when oy * is in the oppoſite Point 2 
the 


"202 0 Aus Mathematica. 
1. 1 the Ecliptict, the ſame Srer will be upon * NorthPart of he: 
in. Meridian at 12 at Noon. 


or xv. 


The Snn's Phe, and the Altitude. Pp brown Star given; 1 
And the Hour of the Night. 


12 Sun being in 21 d. of Capricorn, the Altitude of the 
Great Dog 14 d. I demand the Hour of the Night. | 
The Globe ReQtified, &c. Bring 21 d. of Capricorn to the 
Meridian, and the Index to 11 2 ock. Then move the Globe 
and Quadrant of Altitude io together, that the Great Dag meet 
with 14 d. of the Quadrant; and then ſhall the Index. point at 
8 of che Clock, and 22 m. which is the true e OY 


B And thus, 1 | | 
| When 20 T D and the BulPs Eye 75 
the Send 20 m 0 Alti- < The Bull's Eye - If 
is in (50 ee 74 s 
PR O B. XVI. 


"The Altitude of Aldebaran (or any other Star) bing give ine 
buen Laticode; Te Ya de Sear's Azimath. - 


THE Quadrant x Altitude being fixed in the Zenith, move- 

it and the Globe till the Degrees of Altitude given do 

meet with the Centre of the Star; then ſhall the end of the 
Quadrant of Altitude ſhew you upon the Hori aon the Azimuth 

in which the Srar then. is. And thus, if you bring the a- 

drant of Altitude on the Eaſt Side o dhe Globe, moving it 

and the G/obe both, till the Centre of A/debaran do meet Juſt 

| _ 42 d. of the Ahe. ** | then find the Quadrant 
Altitude to reſt at 33 d. o 1z0n, counted from the 

Loſt: or at 57d. if yo 2 oak them from the South :- And that 

is the Agimuth of A/debaran when he hath 42 d. of Altitude; 

and that is near the S. E. by E. Point * the Compaſs. 


* 7 * i 
- — * ® - 1 

* = l 4 
| a  Aftroliomical 1 7 vbſems. | 


The Latende of the PR 51 d. 30 m.) and the Decli- 
nation of 4 Star, the Ball s Eyes. A ig 
_ given: 10 1 
ap 4 PROK XVII. 
I Is, Right Aſcenfion. 


T H E Globe Reftified'to the Latitude, &c. Bring: Aldeharan' 
to the Meridian: Then count how many Degrees of the 
guinadlial are contained. between the "Ron and the be- 

inning of Aries ; which will be 64 d: 17,m. aud that is the 


obs Aſcenſion of that Star; which in 3 (by allowing 15 d. 


for. an Hour, and 1 d. for 4m. of time) in 4 h. 16 m. its Right 
Aſcenſion in time. 


And in the ſame manner N 


The Right N = *; ah * | 
Aſcenſi-& S = 95 be“ 97 42 in um 
on of 39 39 - 38 


The fame Iri 3 Calculation, as for the Swr's R 
Aſcenſion, as in Prob. III. ſerves for: this alſoo. 


” P ROB. XVIII. 
Irs: Aſcenfional Difference. 


B the Star to the Meridian, and the Hour. Indra to 12. 
| Then bring the Star either to the Eaſt or Weft Side of the 

Horizon, and * you ſhall find 1 h. and 27 m. contained be- 
tween the Index and 6-4 Clock: And ſuch is the Aves” 
Difference' of Aldebaran. 


In-like manner you roy find” 


wi 


The Aſcen- Ar ura a 
ſional Di f. We, iid 28 or in 2 J 2 * 
ference .of (Agel 
Algol his Declination being more than the Complement of the- 


— - — 


gon. 


The ſame Trigonometrical * as for the Sun. 


„PRO 


Latitude, never riſes nor ſets, but is always above the Hori- 


p 6 4 
> +4 6. 
"Ld . 
= * 
, 
of - 


Fig. 


* » | 1 N 
Win 4 e „ bun ( w ion NN % arne, Ar 
= 4A " 


| 1. Semi. r 


From the Eoft or Weſ 


- l : * 4 A FAS » — 
* * * ** ah , ; B * 
CY « 
; * - 
: : X 
6 at 
- 12 
. 9 1 e 
8 * 
” 
* | 
_ = 


Abb. et! 4 8 Amplitude. 4182 . * ohen 


Bug ing Aldebaran to the Horizon on either Side o of the "Globe, 


and you {hall find it to touch orizon at 25 d. 56 m. 
chend, I» 6. is the Amplitude of 
the Bul/'s Eye riſing or-{erting; Aud. according to the Points 
of the Compaſs it riſeth E. N E. 2 d. 26 m. 8 
ſhes . N. Wiz d. 26 m. Notrherly.” ra 97 1 1 
#3 And lis" in ma pe i | 
Sn be 10 , Rieth from are" et 


"; Fit ris 5 the Eaſt of; Southward 26 | 

Algol Weſt” Never riſes or 11 * * 

"The 5 e Calculation as for the Sun. 5 10 
ie 


| P''R OB. XX 
Semi Arch, 12 222 that Aldebaran eee 


8690 continues a 
Ring the Aube 100 che "Meridien and fer the Hoir-Cir 
tle 40 1:21; Then turn the Gb Weſtward, till Aldebaran 


touch the Horizon; then ſhall the Hour-Index point at 7 b. 


27 m. And ſo long time is A/debaran above the Horizon, 


before he comes to the Meridian, and continues ſo many 
Hours and Minutes above the Horizaz, wa he hath paſt the 
Meridian, and ſets in the Weſt. And thoſe and 27 m. is the 
Semidiurnal Arch of that + of which tone, * 14 h. 54 m. 


3 ſo lovg doth 5 PAY continue above. the 7 . 25 the 
in - this manner — 


| 7 555 And bis Conti. 15 50 
to be q 8 


| 


diurnal Syriur 4 34% nuance above} 9 8 
Arch of C 4/go/ 12, Oo) the Horizon {24 o 


The fame Trigonometrical Calculation as for the Sur. 


— KK — ⅜ — 


P ROB. 


41 hor You (any tine * wy apr Aldebaran comes to the 
Meridian. L 


ET the time be the Fut &. „at which time the 

is in 22 d. of Capricorn. Bring 22 d. of Capricorn to the 

Meridian, and ſet the Hour-Index to 12. Then tum the G0 

| ay" till A/debaran be under the Meridian, and then you ſhall 

the Index to NO. at 42 m. * 8 of the Clock, at which 
ume Aldebaran will be upon, the Meridian that N ys 0 
In like. manner you may find that N. 

Upoh Jg 1 1 will be =} 2 10 


January 216 rs 5 the Meridi- „ 33 

January 19 Algol an at 7 - | 

The ſame * Calculation as on ths Sum. 5 
RO B. XXIII. : 


4 what Hour "F rime of the Thr Aldebaran vi her 
2 riſeth or 12 5 | i bene 


ET the time be Ss | Th 5 the lt beſo: ou 
2 found that Aldebaran came By. Meridian at going; yor . 
And by the laſt but one you found his Semidiurnal Arch to . 
7 h. 27 m. This being taken from 8 h. 42 m. the time of his 
being South, leaveth 1 h. 15 m. the time of itz riſing; ſo that 
upon the Firſt of 72 Teng did riſe at 15 m. after 1 
in the Afternoon. e add his Semidiurnal 7 h. 12740; 

to the time of its 5 Soufly,8. k. 42 m., the Sum avill be 416 
h. 9 m. from which 41 73 b.:.and the Remainder will be 4 h. 


215 


PROR MI. u. 


9 18 So that Aldebaran did ſet at 9 m. after + of the Clock! the. * 


next 2 ps 
80 wa like manner you nay find chat Wenn 
E 2 = N. + Unt. 1 
HJober 280 gen WT 305 T 132 
Conway 1A, EDN 


Aol. nevet Riſe nor Sets. 
The l AK L as for the . 


Les e 
v R O 


- 


= o 


* 


| * 1 


Egg. 


* 


F RO RH XXIl 


| Arwhat Horary Diſtance from the Meridian, Aldebaran well be due 
Eaſt or eff: And what Altitude be Hall then have. - 


* Aldebaran' to the Meridian, and the Hour Inder tor 14 

the Quadrant of Alrirude to the Weſt Point of the 
Horizon: Then turn the Globe Eaſtward, till the Centre of 
Star be juſt under the Edge of the Quadrant; then ſhall 
Index point at 5 h. and 40 m. So that when Aldebaran is due 
Eaft or Weſt, he will I 5 h. 40 m. of time ſhort of, or gone 
beyond, the Meridian. 

And when the Centre of A/debaran is juſt under the - Edge of 
the Quadrant of Altitude, you ſhall find it to touch 20 d. 21 m. 
And ſuch is the Altitude © Aldeburan when * is upon the 
Ea or Weſt" Azimuth, 

In like-manner may you find ghat 


WP- 


D. M. 
Archurus will be upon the Eaſt or We 1 and his 27 13 
_ Syrias Azimuth, when he is ay 04 e Altit. 925 56 
A- ſtant from the Meridian. 3 15 will be (54 37 


The ſame Trigonometrical Calculation as for the Sun. 
ROB. XXIV. 


What Altitude | end Arimuth Aldebaran (or any ather Star) 50 


to * you ſhall find that when 


have, when Six Hours diftant from 1 * Meridian. 


Ring \ Aldebaran to the Meridian . and Index to 124 Then 
— the Globe about till che inder point at 6; then lay 

the Luacrant of Altitude over the Centre of the Star, and = 
ſhall find it to we under 12 d. 18 m. of the Quadrant: And 
mh is the A/rirude of A/debaran. At the ſame time look what De- 
Sees of the Horizon are cut by the Quadrant of Altitude, and 
+ you ſhall find 8 d. between it and the Eaft or Weſt Points North- 
wards. And ſuch is the Azimuth of Adebaran. And according 


Altit. Atim. | 
r 

25. P, diſtant from 16 15776 36 from the 
the Meridian his L12 38579 43 North. 


Syrius 


ny” : 1 * + 
* — 
7 = 


$, i is never 6 ; h. distant from the e, nor any other Eise. 


f Shah that bath Sauth Declination. _ * 
1 "0 eee Calculation ro for the Sun. be FIAT 
SING CARB. RAY; 075 


To find Sb Nice % Me e Sr bath when be 7 at | 
4a borary Diſtagce from the Meridian. © 


| T* IS is no other than the laſt. For having ha the Star. 
the Meridian, and the Index to 12, move the G/obe till it 


come to the deſigned Hour. Then the Quadrant of Altitude being 
laid over the Star, mall at the ſame time fhew you both the 
Altitude and Azimuth thereof as before. This needeth no 
Example. 

Tue fame Trjgonometrical Calculati jon as for the Sun 


P ROB. XVI. 


Having the Sg of a Star. ro find ˖ Hawn Dif ftance 
that Star 7s Hy > rg Meridian, ee Aldtude * Star 


then hatb. 
Bs he I to the Meridien the Ne 10 12, 42 the Qua- 


grant of Altitude to the Groen Azimuth 5 then turn the 


Globe about till the Centre g the Stat lye juſt under the - 
drapt of Altitude; the Index at that time ſhall give the N 
Dene, and Quadrant the Altitude of the Star. 


Example. Aldebaran bein 8 ſeen upon 80 d. of Azimuth from 
the North Weſtward, that is, near upon the W. by N. Point of 
the Compaſs; the Star brought to'the Meridian, nad tha Quadrant 
of Altitude to 80 d. and the Hour- Index to 12. If you bring 
the Star to the Quadrant of Altitude, you ſhall find Via Index to 
point at ò h. which is the Star's Horary. Diftance from the Meri- 
dian. And the Quadrant q Altitude will ſhew 12 d. 18 m. the 
Altitude of Aldebaran'at that time. 


T beſe Twelve laſt Prob/ems may be reſolved by Trig ohometri- 
cal Calculation in all Reſſ as thoſe of the Sun, *. : in all 

of them) inſtead of the Word [San] there, read LStar] here. 
And the Canons * Calculation will be the ſame in both. 


Mm 5 p ROB. 


* 


\ 2 * - \ * » 4.4 „ 4: wp » y * 0 x J th a 5 pe . N * * 8 a 
5 * " es - i "WF * " oy a 0 . , 2 | * l ' - * 2 F 
: . 4 | . ; . : ad 
Rn hn M es 1.  - 
1s - Anerlla” atica * 
@y , > 
9 * . ; * 4 : — n = G % 5” b 
- 8 - v „ 
, » 5 i f 7 P = 0 - by . 

F N P 2 8 og 
, ur P RV XVI. * 


Do Longitude and Latitude of Star, which ir firuate- out of the 
W Ecliptick, being given; Io find the Right Aſcenſion and De- 
» _clination of that Star. 3 
IT ERE is given the Situation of the Star, in reſpeft to the 
Ecliptick, altho its Situation be out of the Ecliptict; and 
bis Flac, in teſpect of the Aqguinottieh, is required 
I. By the Celeftial Globe. 1 


4 


- =" Screw the Buadrant of Altitude over the Pole of the Ecliprick, 

and lay it to the Degree of the Star's Longitude in the Ecliptick. 

T | — Then count the Sr, Latrtude given upon the Quadrant of 
+ Attitude: And obſerve, what Meridian paſſeth through that 
2 Point: For the Degrees of that Meridian, comprehended be- 
RG tween that Point, and the Pole of the World, are the Degrees 
= ok the Star's Declination: And the fame Meridian continued, 
| - will croſs the FEquingg1al Circle in the Point of the Stare 
Right Aſcenſion. . 1 


- 


G . By Trigonometrical Calculation. 


Fe, Mkt the Langpade of rh Sur falls 10 te in- any. Sign 
= - FAſcendi as in Fig. . | SE on" af 
| pf 8, for the Latitude: of the given Srar if it bo Kaub 
the which the Letters ö and in Witten within them will deter. 
"wine. In which Triangte the r: 
ii. The Side F F, the Diſtance of the Pole of the Agua 
n ror from the Pole of the Eciiprick, 23 d. 30. m. 
12. The Angle F, whoſe Mealute is the Arch of the 
| | 1 Eclipriek, intercepted between the Sides F P and 
-Givep, 1 F'S, from whom” the "Longitude of the Srar is pro- - 
| duced; andthe Solſtitial Point found out. : 
3. The Side FS, the Complement of the given Stars 
Latitude. . e r 


” 


Aſtronomical, Nb ems. 


1. The Side P 8, this 
A -_ Declinarron. 


omplement of the Star's 2 


2. The Angle P., which the Ark of the Equator XX 


Required, 4 intercepted between the Sides P F and P S; of 
Which, this Rigb: Aſcenſion of the Star is made, 
A wbither from the Degree of the Ec/iprick 270, 

| ” | or 90 d. 1 | 7. 1 N 1 ; | F 
Example. Let there be given the Head of Andromeda, which 
is a Star of the Second Magnitude; whole Longitude is in 9 d. 


38 m. V, and. Latitude 25 d. 42 m K The Longitude of the 


Star falls out to be in an Aſcending Sign Aries; therefore, 
make | choice of the Triangle F F Ip 70 XXV. the Latitude 
being North, in which there is given, (1.) P F, the Diſtance of 
the Pole of the Afguaror from the Pole of the Ecliprick, 23d. 
30 m. (2.) The Angle F, which the Ark of the Ecliprick in- 
| between the Sides F P and F, being produced, mea- 
ſureth, and gives the Longitude of the Star io be gd. 38m. 
V, ſo that the Solftitial Point is neareſt; ſubſtract there- 
fore 9 d. 38 m. Y from 9o d. the beginning of S, the Remain- 
der will be 80 d. 22 m. which is the Anple'ar F. 6) FS, 
the Complement of the Latitude of the given Star, GA d. 18 m. 
—And let there be ſought, (I.) P S, the” Complement. of the 
Declination 62 d. 45 m. therefoxe the Dec/inarion of the Star 
is 27 d. 15 m. (2. The Angle P, 87 d. 47 m. Which added 
to 270 d. makes the Right Aſcenſion of the Star to be 357 d. 
FO Si one”; 
= De Canons for Calculation. 
I. For the Argles S and F. + 
(0 "As he Sine of half the Sum of the Sides/SF-and F P, 
| 43 « 54 m. 3 * F | , * 
Is to the Sine of half the Difference of thoſe Sides, 20 d. 


24 m. _ | | | 
So is the Co-tangent of half the 8 40 d. 11m. 


| S EY half the Difference of the Angles at S and 
- EF, 30 d. 46 m. DE | | ; 
(2.) —_ Code of half the Sum of the Sides F S and FP, 
46 d. 6 m. 1 ; 
Is to the Co-fine of half the Difference of thoſe Two Sides, 
39d. 36 m. | 


M m 2 


* 


0 9 r * * 9 N * * ** * * WY * a 
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* © . SS” « 1 1 i x , 0 * 
- * 2 a » 2 o 9 4 hl © - 
. y = » \ b 
d - _ 1 \ - 


80 is the Co-tangent "of ble Angle at F, 40 dl. 11m. 
1 Xu. To the Tangent of half | Me Sum of the Angles at Sand P, 


N 57 d. Im. n 4% 
XXV. Whick 57 d. 1 m. added to the aforefound Difference, gives 
987 d, % m. for the greater Angle at P; and 30 d. 46 m. 
dme Ditterence/ aforetound ſubltrafted from 57 d. 1 m. 
leaves 26 d. 15 m. for 51 lefler Angle at 8. 
by N n 
69 As the Sine of the Angle at'S,' 26 d. 15 m. 
Is to the Sine of the Side EP,” 23 d. 30 m. 


* — 


So is the Sine df the Angle M F, 80 d. 22m. 
Jo tbe Sine of the Side 8 F, 62 d. 45 mm. | 
_ » Whoſe Complement, 27 d., 15 m. is the Star Declination. 
+8 e e DD PB OB, v NAVEL. 2 
The Declinat ion and. Right Aſcenſion of Star being given: 7 
5 ud the Longitude and Latitude of that Star. 


1 . IS is the Converſe of the former Problem, and may be 
1 | reſolved: as followeth. on | ' 
. By che Cæleſtial Globbeee. 
F. Sctew the Quadrant of Altitude over the Pole of the Eclip. 
$ | tick: Then count upon the Aguinothal Circle the Degrees of 
—_ Right Aſcenſion; - and _ that Meridian which paſſes through 
that Point, count the Stars Declination from the Æqguinocfial, 
| towards the Pole, and to that Point bring the Quadrant of Al- 
 _ ©  rrtudes then will the Quadrant cut the Ecliprick in the De- 
grees of the Stare Longitude; and the Degrees of the Qua- 
drunt, comprehended between the NN Circle and its Pole, 
will give the Degrees of the Stars Latitude. 8 
ny II. By Trigonometrical, Calculation. 


When the Right Aſcenſion of the Star falls out to be in the 
Firft or Fourth Quadrant of the Aqpuinoctial as in Fig. XXXIV. 
or in the Second or Third: As in Hg. XXXV. make uſe of 
the Triangle P F S for the Szar's Declination Narth or South. 
In which there is e 


Lind 


* 


Given, 


7 


| — r Fe. a 
get. PFE, the Diſtance ; the Pole of the Ecliprick from Fig. 
the Pole of the u 2 3 d. 30 m. | WAV. 


. 5 Complement of he Star's Declination, XXXV. I 


ms 64 d. 1 n | 
| wes 3. The A8 -P, whoſe Meafure i is the Arch of the E. 


wa ** intercepted between the Sides P F and P 8, 
ö 87 d. 47 m., tom whence the Right Aſcenſſon of the 
0 _ Star is-produted, and will be found to be 357 d. 47 m. 


r The Angle F, whoſe Meaſure is the Arch of the 
| Feliptick intercepted between the Sides FP and 
Required, 4 FS, from whence the Longitude of the Star from 
| the next Solftitial Point is found. 

®. . ( 2. F 8, the Complement of the Sars Lad. 


The Canons for Calculation. * 
( 2. Asthe Sine of half the Sum of the given Sides P F andP S, ? 


Is to the Sine of half the Difference of thoſe Sides, 19 d. 37 m. 
So is the Co-tangent of half the given Angle F, 43 d. 54 m. 
To the Er of half the Difference of the Angles at F and: S, | 
37 
(2.) As 72 Cone of half the Sum of the Sides F S ard F 2 
5 | 
Is He Co fine of half the Difference of thoſe Sides, 19 . 


80 is 2 — of half the given Angle at F 43 d. 54 m. 
To the Tangent of half the Sum of the Angles at Fand 8; 
viz. 53 d. 18 m. 
The half Difference before found 27 d. 3 m. added to the 
half Sum now found, gives 80 d. 21 m. for the Angle at 
PF. the Complement 'of the Star's Longitude. And ſub- 
ſtracted from the half on 53d, 18 m. leaves 26 * 
15 m. for the Angle at 8. ; 
Then fay, | 
(3 3, As the Sine of the Angle at FE, 80 d. 21m. | 
$ to the Sine of the Side S P, 62 d. 45 m. | - 


5 


So. is the Sine of the Außzle at P, $7 d. 47 m. 


To the Sine of the Side S F, 64 d. 18 m. 
Dn CP 25 d. 42 m. is the Star's Lai. 
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n TR. 2 Star, bring given: Io firid the” Aſcen- 
Sal A wap — Star; And — thence. (be Right 
Aſcenſion of the ſame Star being known) to find its Selige 2 
Aſcenſion: 2 Semidiurnal Ark, the Continuance of it above” 
and below: tbe ral gl 1ts Ortive and Occaſive Amplitude : 
And the ep gle, viz.. that o the Porns 45 1 Eclip· 


tick. 
1 By. the Coleſtia Globe. 


FT HE Globe ten Taktified to the Larrtude, and the Place 
i ef the Sun brought to the Meridian; and the Quadrant 


Alrivude ſcrewed te the Zenith,” and brought to the Eaſt : 


Weſt Poitits. of the ri zor; the feverat” Arches and 
made by the Poſitions and InterſeQions of theſs Circles 
meaſured or counted upon the Globe, will — the ſeveral 
Demands: But with ſome” additional Works; which, * re. 
omit. .Wheretdjre, 8 CER 

II. By. Trigonometrical Calcutation, =: =. | 

Hb Beto of a Far is given, in reſpect of the X-- 
1 18 and Enquiry is made where its Place ould be, in re· 
beet igquc Horizon given. 

ä De Globe continuing- in the Gow; \ Poſition | as when you 

1 he Problem 277 it, you will find conſtituted upon 
” berical Triangles ; as Fn the Figure are noted 

| with R 928 for the Deelinatio of the Star Northern or Sou - 
thern. In either of which Triangles, there is- (befides the Right 


| 4 

ee Thb Age Or! which is the Angle made by the E. 
gk : quator” and the Horizon-of London, 38 d. zo m. 

"2 75. * Nor. * * 55 the Star's Declimation 
8 ae 22 3 a 


© —_— „„ 4 I _ « % 


* And 


> : * 
* 1 — 
— * * ” _ 
| #T 7 : g | 7 #47 * 


1 


TS 


1. Or R, the Aſcenſwne! Difference _— when B 
1 a Stay declineth toward oe : k 


| An Elevated Pole, $ Ad 


— Prod... 


4 EY the Dect. from the R. 

Aeneon. | 
the Decl. to the R. Aſcen- x 

ſion, it gives the 0b/. De- 
cenſion. © 


3 d. it Lives the Semide- 


Herken, it gives the 0b. 


1 | U urn | 
_ © CAdd the 1 to the R. Aſcen- 


ſion, it gives the Ob“. Aſcen- 


fon. 


A Depreſſed Pole, | SubftraQ the Decl. from the R. 


Aſcenſion, it gives the Obr. 
Aſcenſion. L 
| [5 ratt 90 d. it gives the 
Semidiurnal Ark. | 


The Pits! Ark being turned into Hours, © 
| he Time of — Stars Continu- 


a — above the Horigon: Whoſe Comple- 


ment to 12 Hours is its Seminofturnal 
Ark, or half his Continuance below 15 
Horizon. 


2. Or 8, the Amplitude of, the Stor, at. his W 
ing or Setting, W 21 — 
Declination. YE 
+ 4 IF Allet; 2 2 the 83 
; Angle of the Eclips |.- 


— . Os 3, The Ang/e | ricł and Meridian, o [DF 


0 


N 8; which . 


-* Subſtratted'\ Deſcending, Tom, the Fe, 


in Siga, Com nt of the Ae 
Ie Angle df the Eelip- 7 
U tick; adding 180d. J. 


EX AMPLE I. Let there be given an Elevation of the Pole 
(ar at London). 51 d. 30 *. * the e e 


o d. . 


. », * 


South. 


6 
= - * — 
— 
A 


0 e Triangle RO (the Ne being Southward) 

there is given, (beſides the Nh Angle at R.) (I.) The Angle 

Rr 5, che F of the given Latitude, 38 d. zo m. 
(2) The Side RS. the Devlinaton of the Sun, 14. 2 m. by 


(.) The Side Or R, the Aſce cenſional Difference, 1 d. 2 m. 
Which, when the Sun declines (as here) towards the Depreſſed 
Pole, being added to the Right Aſcenſſon before found to be 358 
i 8 3 5 girth . en/ion, to be 359 d, 7 m. But 


| from the ſaid 2 , 358 + 3 m gives 
: te. Obligue 3 to 356 d. And being 
taken likewiſe fi 8 gives 88 d. * m. for the Semi- 


- diurnal Ark: Which being nate into Time, gives 5 h. 55 m. 
- for the half continuance of the Sun above the orizon, Wholſe- 
Complement to 12 B. is 6 f. 5 nr; "the half continuance of the Sun 
below” the Horizon: But double the continuance! of the Sun 
above the, Horizon, the Lengrb' of the Day will be 11 h. 50 m. 
And double the continuance below, and the Length of the ws. 
will be 12h. 10m. 
| "OH The Side O- S the Ortive. Amplirudr of the Sun, 7 20 m. 
The Ae RS Or, 51 d. 30 m: the given Latitude. 
wp being ſubſtracted (becauſe, in this Example, the Sign is 
via. ) from the Angle of the Ecliptich and Meri- 
e Sand! to be 6s d. 31 m. gives 15 d. 1 m. for the 
err Angle of the Point of the Ecliptick. 4, "I 
This Example was of the Sum, Iwill here give another Eu 
pie of a „ uig The bead of Adlon. | 


EXAMPLE II. The Declination of the Head 9 8 
22 15 repreſented by the 8 20 ide R S. x do 


plewent of the given Latitude is d. o in 
5 : 7 the Angle R Or pe 2 * 
0 


TT, bad Te 200 fin | 

1 The 05 — 2 8 's Aſctnſional. ood 

2. 2 Gr 8s. Ane of the Star. 
3 Aale At HJ 

; 2-4 ' 1 The Canons for Calculation. 


1. Ne d u ce, Vl. of K. 4 Ty ; 
As the Radius, 0 


Is to the face * the Star's alan, 27. 15 m. 


Aſtronomical Probletrs. FE 241 
So is the Co- ta t of the Angle Or, 38 d. 30 m. 
To the 98 Side R Or. The gs Due en 
reace, 40 d. 21 m. N 
2. For the Side Or S8. By Caſe IX. K A 
As the Sine of the Angle R W —_ | 
Is tothe Radius: „ 670 
804 is the Sine of the Side RS, 27 d. 1 | 
| To the Sine of the Side SR, (the Sars Amplitude at his kt 
Ing) 47d. 22m. | 
3. For the Ae R 8 Or. By ei, vit of R. Af. . 
As the Co- ſine of the Side RS, 74 A 
To the Rad ius: 


80 is the Sine of the Angle R Or S, 38 d. _ 
To the Sine of the Angle R S Or, 61 d. 


By which the Oriental ones Re was old, -211-M . 
The Right Aſcenſion of Andromeds's = . 
by (Pr. 27.0) to be 337 7 
94 And his Declination given © - North 27 175 
His Difference (by the (2.) hereof) 8510 . 4 
Which ſubſtracded from the Sure Right Aſcenſion, 2 as. 
: gives the Ob/ique Aſcenſion to be "AG: 
And the Declination added to the Right aſcenſion, 398 086 
ives , 
Wy From which ſubſratt the whole Cirele 360 0 
There will remain for the Obligue Deſcenſion 38 08 
Tobi h add 90 oo 
And it gives the Sewidiuraal Arch to be 5 1 128 08 
Which turned into Time, is S326 
Which doubled, is : 1 


& ſo long the Star continues above the ec Lanabn. 
And that fubltracted from 24 h. leaves 6 h. 56 m. for the Stars 


continuance below the Horizon of London. 


the (2 ) hereof, the Amplitude of the Star's Riſing i 
Bo 4 Eaſt N is found "by Mn * 
And by the ( ? hereof, the T le eg, | 6x 48, + | 


Subſtracted in Signs A bg om? 
Which J dae in Signs ending, the Ange of < 
the Ecliptick and cridian an, gives the Oriental l 0 * 


: — * 


5 = ; " Anil Mathemitica, © 
. © 2 
__ 2 'PROB. XX. 


den of the Sho, and the Length a b. bei 
mw Jo find gf Se, or Height-of Ihe 12 * * * ef 


I. By the Cœleſtial Globe. 


B the Solftitial Colure.to the Meridian, and count the Suns 
Declination upon it, either North or South, Lack wap 23 d. 
om. North) then let the Sur's Declination be 23 d 30 m. 

th, and the Length of the Day 16 h. 26 m. 
Bring the Aquinoltial Colure to the Meridian, and upon i 
- count 23 d. 30 m. North, and there fix the Body of the Globe, 
Then, upon the Parallel of 23 dl. 30 m. of 2 count 
8 * 13 m. the half Length of the Day, and there make a Mark. 
Then move the Braſs Meridian up and down in the Frame, till 
the Mark you made do juſtly touch the Horizon ; for then, 
the Degrees of the Braſs Meridian, comptehę 
Horizon and the Pole, will be the Laritude ht, vis. 31 d. 


30 m. : 
Il By Trigonometrical Calculation. 211 
This being (in effect) but the Converſe of the foregoing Pro- 
- blem, the Spherical Triangle will be the fame upon the Globe 
as in that; namely, The Triangle R Or S: In which there is 
giyen, (befides the Right Angle at R) (2,) The Side R S, the 
Sun's Declination, 23 d. 30 m. North, (3: .) The Side R Or, 
8 the Aſcenſional Difference.” which the Sun hath when the Length 
: of a Day given is either Greater or Leſs than 12 Hours, 
43 1. Let. the Sun r Declination be 23 d. 30 m. 
2. The longeſt Day at London, 16 h. 26 m. 
3. The Aſcenſianal Difference, 2 h. 13 m. which is half the | 
Time by which the longeſt Day exceeds 12 h. vis. 4 h. 
-m. the halt whereof, N e tuned into Degrees, 
33 d. 52 . 
III Ibe Canons for Cultulat ion. By Gofe XIII. of R. A. S. T. 


As the N of the Side R 8, (the Sun's s f. FO given) 
23 d. 30 m. | 
Is to the Radius: 
So is the Sine of the Side R Or, (the. Meer onal Difference) 33 a. 
Tom. * 17 | 
To the Tangent of 51d..30 m. the Latitude ſought, Whoſe 
"Cn, 38d. 30m. is the Angle R, Or S. This 


between the 


7 


The Pp 4 Place, or Elevation A the Pole 


e — 


Tuts Brob/em is of uſe in Geography, where the Eg. 
of the Longeſt Day, of every Clime is given, n l. 5 
Ae of the Pol, anſwers bereue. A = ; 


JJ... ! 


and /rheOblique - / 
Aſcenſion of a Stat being given: To find the Eoſinical, ac, \ 
nical and Heliacal Rifing of f hat Star. 1 


Tis Coſmical Riſing or Setting of a- Star, is that * | "= 


happens in the Morning, but the Achronical in the Evening; 
the one commencing at the Suri's Riſing, the other at his Sei-. 


ting. The Heliacal Riſing is, when a Star begins to get from 
under the Sun Beams, the Setting, when it begins to go under 
them. 


But for the better ſeeing of the Stars, there muſt be a certain 


Depreſſion of the Sun below the Horizon, which is called The 
Arch of Viſſon; for the Light of a Star is Greater ot Leſs. ooh 


 Prolomy's Opinion, Venus would have an Arth of 5 Degrees, tho 


it is vitible even in the Day. time, at 2 very great Diſtance. 


the Horizon, and in the Ec/zprick., 
When therefore the (Firſt. - (Fig: XXVII. 


4 A. 
Fupiter and Mercury 00 
Saturn | Fas CO 
Mars 2 F auer 2 i++ [il 30 
„ Firſt>; 5 00 
n Sp | oo 
* 191 Fourth > Magnitude 00 
-— 4a Eh Afb | 00 
i .- 7 ( Sh; oO 

” Nubilus - 00 


But in this and the ie following Problem, the Situation \ of a Star is 
iven in reſpect of the Horizon and Equator together; and his 


tuation is ſought for in refpe&t of the "_ S being in, ar near, _ 


Oblique Aſcenſion ) Second (Quadrant of the Fig. XXX VIII. - 5 
of a 22 falls in) Third a, as in ) Fig. XXXIX. 
the 6 Fourth Fig. XL. 1 


* ©; ih > 0.0 1 By 


: — b — 223 4 a — \ WY 2 k —— a = \ : 
hs \ l => 2 Wye. = * ; * 4 | w 
: | C W 


1 ö WE -... 21 I. Hythe Cœleftial Globe. BY vi „ 
1 2 XN XVI. Rt I. For che N wee, n N ' 3 1 5A 8 3 
2 XXXIX. RedQtifie the Globe to your Latitude, and bring the Place of the 
XL. Sun (ſuppoſe 11 d. of ) to the Eaft Part of the Hor: aan: Then 
look what Stars are about the Verge of the Eaſtern. Semicircle of 
the Horizon: for all thoſe Sars do at that time Riſe Cofmically. 
'. And. thoſe Stare Which touch, or are near. the Nm of the Weſt 
2 - Semicirele of the Horizon, do Set wx that time Cœſinically. So 
vou find 5. © tl * 3 
k Aldebaran or ? 
1 a theBulPsEye,/ i © 
1 27. 4 win divers Rifing, 


ute Right LegY 
2 Seiting ca. 
other ſmaller other ſmaller e 
(Start, Nen EF 4 
2. For the Acronical Riſing and Setting. £07 RI" 
ReQtifie the Globe to the Latitude, bringing the Plice of the 
Sun, e 5.4 of Scorpio to rhe Weſt” Fart of the Hari aon, 
then malt all thoſe Stars which you ſes on the Verge of the Eaſt 
Side of the Horizon, be Riſing Acronically. And all thoſe that 
= ada re about the Verge of the Weſtern Part of the Horizon, are then. 
=_ oo Acronically. And ſo upon the forementioned Time, you 


—_—_ — — —— - 8 _ 

12 L wad” \ * 9 « 
— — 
= \ * 
4 > 
1 

” 

- , 


_. 33 * * Fe 
| n Tail, pig. ion, the South . 
| "bY ;A Riſing, d Setti 
=_ 27. and ſeveral >© Ballance, and . 
7 0 : other ſmal-\ and ſeveral other n, 
1 ( ler Stare ſmaller Stars I} | 
I's 3. For the. Heliacal Ri ſing and Setting. 
| "ReQtifie the Globe to the Latitude, and the Quadrant of Alti-. 
= '. nde in the Zenitb; then bring the given Star (peel Regus 
| lus, or the Lion's Heart) to the Eaſt Side of the Horizon, and 
the Puadrant of Altitude to. the Weſt Side; then Regulus being a 
Stur of the Firf# Magnitude (by the Rule of the Ancients) may be 
--  ſeen' when the Sun is but 12 d. below the Horizon, wheretore,_ 
_ ſee what Degree of the Ec/iprick doth cut the Suadrant of Alti- 
taal in ad. which you will find to be 9 d. of Piſces; the oppo-- 
_-  fite Degree to Which is 9 d. of Virgo. To which Sign and De- 
'*  , gree, When the Sun cometh (which will be about the 23th of Au- 
'$#/2) then will Regulus, or the. Lion's Heart, Riſe 2 


* 


* 


* 


— 


1 oY 


| "Then, for his Heliacal Setting, bring the Star to the Weſt Sid 


of the Horizon, and turn the Quadram of 
Side, arid ſe what Degree 


Allitade to the Eo 
of the Ecliprick is elevated upon the X 


Ouadrant, ag he NMognitude of the Stur you ate to deat with & 


doth . For when the Syn comes to the o 
of the Ecliprick, that Star ſhall Ser Heliacally. 


Aldebaran  "Heliatal-< June 26. 


. . 


Heliacal. 


1 e ſhall Rife 15 4. Ve Sen, 15 


Ard 3 ly upon (Sept. 26.) ly upon 


And fo for others, as in the following Table. 


: N. 
* _% 


A Table ſhewing the Time of the Tear when 56 Emi ent N | 


Stars do Nhe, both N cally and reed. 


: : | 
Numer of the 80 N | fg 2 
— @s — % 7 — 7 
Marchab. Pegafſ.* | anuary 1 
Right Shoulder of Aqguarias * =, | 


Extream Star in the Wing of Pegaſus [© 
Following Tail of the Goat 
Bright 80 in the Ram's Head 
The following Horn of 2 1 
The former Horn of the Ra 
North Tail of the Whale | 
Brighteſt of the Heiades | 
The Knot in the Net of P}/ces 
North Horn at the Bull | _ 
North Eye of the Bull | 
1 of the Whale ! MOT 
Buffs Eye; Aldebaran - 
North Horn of the Bull! 
22 — of . > 1 
rigbt oor, of Cemini 1-* 
Middle Stat in Orioz's „ 


North Afellus K 7 
2. n 


South Aſſellus 
Leſſer Dog, Por 2 * 


Great Dog: Palilicium 
Lion's Heart 


= _— — * bu 

% $44. 

of > * : 
— - — — — — . 


* * 
k * 
w . 
— » 
© — 
| 1 
o 8 1 N 
= % a” . 
*. Y - ” 
. V 8 ye — L 
U vs | * - - 
uw ww wow ww ee — 
— ——— — 
# ” 


* . . * — Tr 
» — 


 Ancilla* Aue 


1 


% : 
* 13 423 ab at 
a * 
* 


— 


4 


— 


— 
De aA * 


2 "Na 270 the n. % #1 7 1 ? 
; ants F "1 N. 1 ng. 1 
| "00 IRS PH — 2 od | 
N Trans Back 50 XS - Mob. 12 
| Hydro's Rr | gow | 0 
Lion's Tail % | „ 
Hares Thie rl * 
| Ex onda : 4 a 0. 18 13 ö 
Virgin's Ge * . 
Bright Star of the Crown | : x 
Vitgin's Spike 2 1 
Right Shoulder of Hercules | N. Ki 
Lei Shoulder of Herewles 90 
Head of Hercules | W 
North Ballance _ [3 | Offob, 24þ 
r Febr. 16 
 Swa 'S 
Ri hr Shoulder of CA +. | 3 
Knee of Ophiucus i 
Lower Aa Swan 1 
Valtures r | 3 70 | 
| Scorpion's . Decem. I 
N 7 | March * 
Pegaſis Scheat | — 59 
-| Andr r e RET 461} 
0 ; * ” 
| Lip Hom of 0 f the e Goat N * 14 | 
W "ni. i) eee isn. on o 
The Tones LOS y of Andromeda is 317.4, 26 m. 
The Lege in the Fourth Lettern of the Belipiick, Wh 
e in is Ob we Spherical Triangles T Or. . or 
a. Or. A. | vel | * 


" Arenaiced Problems, 


"1. The Angle at F or =, (the greateſt Declination of 


2 — — 
1 


In which 
there 4 30 
Given z, The Side Or. 
| Oblique Aſcent on from the 

| [ Point, 42 d. 34 m. | 

. 1. The Side V A, or = A; for, A is that Point of 

To fin Ecliprick; which Afſcends with a Star. 1 5 = 


ral 


the Sun, or Obliquit of the Ecliptick, 23 d. 30 m. Ri 
2. The Angle at Or. (which is at the Interiection of XXXVUL 
the — and the Herizon of London) 38 4... 


, or Or. = (the Diſtance of the - 
neareſt  AEquinot? 


Fig. 


When therefore the Sun is in that Point, a Star Ri/erb Coſmi- | 


cally : But when the Sun is in that Point of the Ecliprick 
that is oppoſite to A, a Star Riſeth Achronically. 


The Oriental Angle at the Teint A, viz. the Angle 


To find J Y A Or. or Ar. 


Moreover, in the Triangle R A ©; (befides the Right AngleatR) 


1, The Side R ©, the Ark of Viſor, agreeing with the 

Star, viz. 13 d. for the Magnitude. & 
2. The Angle R A © (the lame as Y A Or. or = A O-. 

\ {before found, 26 d. 50 . 

To find the Side A O, the Arch which muſt be added to che Point 
A, to find out the Point S; which, when the Sun is In, a Stay 
8 Heliacally. 

| _ The: Canons for\Calculation.. 5 
* For the Sides A Or. and Or. V. By Caſt III. of 0. 48. T. 


"The Angler Given are A Or, Y „ 141d. 30 m. and Or. ＋ A, 23 d. 
| 3 And the Given Side is Or. V comprehended by them, 


The: Sum + th the Given ages | is 164 d. Their Difference 118 d. 
Ike half Sum 82 d. half Difference 59 d. * half the 
Given ide is 21 d. 17 m. . 


Vs ROE OIL 5 
(10 As the Sine of half the Si of the dee A Or. „ a | 


82 d. 
Is to x Sine of half the Difference of thoſe Angles: 
So is the Tangent of half the Given Side Or. Y, 21 d. 17 m. 


To the Tangent of 18 d. 38 m. Which is half the Difference 


ot the Two unknown Sides Or. Y, and OF, A. 


(2) Av. 


\ 


» 4 


3 A | | 
_w Atcilla Mathematica, — - 
(2 ace eri in Se af the lee 0 and 
2 i Or. V A. 82 dl. oo 
2 * b e th of hüf the Diferonce of thoſe Angle: 
+ So is the Tangent of tit the Given Sr Or. Y, 21 d. 27 m. 
. 
* E's the Tangent of 55 d. 19m. Which is half the Sum of the 
Tuo unknown Sider Ov. A, and Or. V. —The half Difference 
i d. 38 m. ſubſtracted from 55 a 19 m. (the half Sum) 
leaves 36d. 41 m. for the Leſſer Side A Or. — And the half 
Sum 55 d. 10 m. added to the half Difference, gives 73 d. 
57 m. for the Greater Side A V, but (becauſe the Angle 
Or. oppoſite thereto, is above a Qurdrant) add god. to 73 d. 
57 m. and the Sum 163 d. 57 m. is the Side A V. 


2. For the Angle Or. A y. By Ciſe II. of R. AST. 


= the Sine of the Side A Or. 36 d. 41 m. 
== ; to the Sine of Or. Y A, 23 d. 20m. - 
® | So is the Sine of the Side 0. Ys 42 d. 34m. 
We I To the Sine of the e Or. AY, 26 d. 50 m. . 
—_— - ITE AR®, Fight angled at R, to find the 
AE „Side A @,. by Caſe IN, of R. 8 9 
(4.) As the Sine Some Angle at A, 26 d. 
sto the Sine of the Side Re (che An Aue of Hr, 3.4 it 
928 8 1 een dee . 
; | 


To the Sue of the Side A®, 29 d. 53 m. Which 3406 to 
the Side A V, 163 d. 5 m. the Sum is 193 d. i Yon from 
which ſubſtratt 180 d; there will remain 13 d. 
, Whetefore, the Head Andromeda Riſeth Co ically : at Lon. 
„ with 13 d. 30 m. of w Capricorn, in which Sign and De. 
pr the Sen is about rhe 24rh-of December: And Nebra ral 
with 13 d. 50 m. of Cancer, in which Sign and Degree the 
Son is about che 25th Day of June. — The Men,“ Point of Ri- 
nd is at A, or the Angle Y A Or: 25 d. Joe And the Head of 
: Andromeds Riſeth Heliacally, when the Sun is in 13 d. Or m. of 
= = 5 arizs, in which Sign the Sun is about the 22th of Februa- 
1 Sets "Heljacally when in the oppoſite 3 * 235 * | 
9 5 m. of Q Leo, * e's tou the e A 


14 5 
1 - # 1 #4 : 5 1 * * 2 — * #? : 

. 1 ” # 9 * ww. = * 6 
411 = bo — "* | ” - 4 : : a 


: 830 B. 


, 4 . . 
: l — 0 © | 


r Problems, ME Cs _ 
< GIO; PROB. XXXI. n XL, - 
_ The Elevation 0 5 Pole, and the Oblique Deſcenſion of a 


l X ; 
4 Star. | 


I. By the Ceeleſtial Globe. 


HE Practical Performance of this and the following Pro- 
blems is ſhewed before in Prob. XXXI. and needs not be 
| — again recited. "Wherefore, - 


l. By Trigonometrical Calculation. 
When the Oblique Deſcenſion of a Star falls | i 


Second 0 Opern of th — 3 

con ad rant of the) Figure X I 

— 5 * as in ) Figure XLIII. 8 
Fourth | Figure XLIV. 


e Trigonometrical Calculation. {IF 
In the Oblique-angled Triangle Y Oc: D, or = = Oe: D, there s 


7 ae | 
(2.)- The Angle Oc. the Angle o "the "IR and Horizon. of 
London, 38 d. 28 m. irs Comp. to 180. 
6: ) Y 0c. or & Oc. the Diſtance of the Oblique Deſcenſion, from 
the neareſt Part of the Aquinoltial, - * 1. Ny 
_" = To find, 1. The Side Y Der E D | 
Fr, D-is the Point Fr. the Ecliptick, which deſcends with the 
8 When therefore the Sun is in that Point, where D is, a- 
| ot Sets Any. . 1＋ — the Fans 3 the Point of the 
tic thereto, the Star then o/meally. 
port wy The Angle 7 D Oc. or Dt 


_— Moreorer; in the Triangle RD © Gn Bows Augie r 


) thee! is given, 
The Side R ©, the Arch of Von (at 


@ The Angle R D ©, the fame mids he Angle . D:O: om 
Oc. before found. 


To find the Side D O, the Arch which muſt be taken from the 


Point D in the Ecliprick, to get the Point © in the Ecliptick ;- 
_ to which Point, when the Sun comes, the Star Sets Heliacally-. 


ETA 


A Ca, by N 2 * 1 % 2 * f 2 * ” * "FS P 4 — 
4< . 4 n <” * — * Y 1 pu , = % 0 2 * — 
Y » 9 58 * F o | oy - 4 
3 Y 
; . * the bd | 
A Py K = 


o Head of ls (at Londot) ſets Achronically with 
| 4.6 


7 m. of Y: — Coſmically, with 26 d. 46 m. of . - But, 
— e Y D Oc. is found to be 121 d. 32 m. and its Comple- 
kal of 180 d. the Ar 


e RDG, 58 d. 28 m. Where fore, the 
Ts Heliacall when the Sur & in 3 11 ͤ | 


N PROB. XXIII 


The . 2 Place, the Oblique Aſcenſion or De gene of 3 
Star, and the Longitude of the Sun Magee. _—_ whe- 
ther a od may- be ſeen Heliacally. | 


4 I. By -the Cirleſtial Globe. 15 85 
0 perform this by the Globe, ſee before Prob. ww” of 


+ By Trigonoimetrical. Calcubltion, 
This is bur the Converſe of the Two e Problems : 
And the Spherical Triangles N the Globe will be Ing Tame; 
* and theſetors, in the Trfangle RA or RD 


i. The Oriental Angle at the Point A, or the Oc- 
Fr at * 5 * The yo 22 und 
in triangle * or as inthe _ 
i= given, 1 Problem: The other in the Triangle 
Sn 1 O D, or = 06, D, as in the Problem. 
— ©) 2. The Side A ©, oD ©; the Arch which is in- 
h .* tercepted between the Longitude of the Sun, 
| Lu andthe Aſcending or 2 1 Fas, of the 
L -Eeliptick.. MN 
© * To find out the Arch R ©. | 
" Which Arch, if it be greater, or equal, to ihe viſible Arch of 
"the Given Star, that Star doth appear: But, if it be leſs, it lyes 
Rid under the Sur's Beams. 
_ {Noze.] Sometimes the Oriental Angle i is leſs than the Arch of 
Viſion ; and then (even at Midnight) ſuch a Star cannot he ſeen. 
But, if you ſubſtract the Arch of Viſion from the greateſt De- 
| preffion of the e under the Horigon (which is the Com- 
plement of the Latitude 1 or Elevation of the Pole at Landon 38 d. 
30 m.) there remains the Northern Declination of a Degree of 
the Ecliptick, unto which the Sun muſt firſt — * that 
* will begin to appear at Midnight. | As 


Andromeds 


6 a 
* 2 . 


© ſeronomical\ Problems. —- 254 
. As for Example. All Stars of the Fifth Magnitude” have an =, .; 
Arch of Viſion of 16 d. therefore ſubſtraQt; 16 fen Ty 30 m. XII“ 
the Depreſſion of the Æguator, and there will remain 22 d. XLII. 
30 m. the Northern Declination of the Sun, vis. as much as is XILIII. 
required that it be depteſſed 16 d. elo the Horizon, that the XLIV, 
Starg ob the Fifth Magnitude, may appear. But the Sun hath sas © - 
great Declination in 13 d. 26 min. of Gemini U, and in 16 d]. 
33 m. of Cancer : Therefore, whilſt the Sun goes through that pry 1 
Arch of the  Eeliprick (which will be between the 24th of May, * 
and the 28th of June) the Stars of the Fifth Magnitude (are not ._- 
viſible at London (even at Midnight) becauſe the Twilight hinders. 1 
lere needs no Canons tor Calculatien. 1 


PRO B. XXXIV. 


The Elevation; of the Pole, and the Longitade of the Sun : To find 
be 0g 12 of rhe Morning, and End of tbe Evening, Tri: 
| I. By ebe Celeſtial Globe. - , # 
I N this and the fllowing Problem, ths Situation of the San 
isgiven, in re of the /Equetor, its Situation is ſought 
for in reſpeRt of the Meridia, 45 8 | : * 
But, becauſe, at every Ceſfation of the Twilight, there is com- 
monly required a Depreſſion of the Sun, of 18 d. below the Ho- 
hren: | 
No, in the Latitude of 48 d. 30 m. the Sun being in the be- 
ginning of Cancer &, at Midnight, is depreſs d below the Horizon, 
eciſely 18 d. Hence jt follows, that in Places, having a greater 
Elevation of the Pole than 43 m. the Sun being in the Tropick, . 
muſt (at Midnight) be depreſſed leſs than 18 d. from whence it 
follows, that Twilight will neither Begin nor End, but will laſt 
all Night. Therefore, to know when this Problem is in Uſe, ſub- 
ſtraft 18 d. from the greateſt Depreſſion of the Æęuator, (that is, 
at London, 38 d. 30 m.) and thete remains the Northern Declina- 
tion 20 d. 30 fl. (as by the Problem converſed): 9 the Sun, 
when be harh 20 d. 30 m. of North Declination, which he will 
have when he is in 1 d. 20 m. of Gemini U, and in 28 d. 40 m. 
of Cancer S : Therefore, whilſt the Sun goes through that Arch 
of the Ecliptick (which is 2 12th Day of May, —— 
= | YE VE,” ©, he 


* 
5 
9 4 4 = . 


** 1 


Fe. 


WY Upon th 


_ Moe 


At other 
Fr n 9 


an Aae | 
— the Twilight. Night at Lobi, 
Nur there l 1 1 4 — 5 there. 
— 6 wil 1. at: en , 


II. By Trigagometrical abu, | 12 
the Olhb⸗ the Triangle reſolving” this Problew? the 


055 e-wmgled 2 Triangle PN ©. in Fig. XI. V. for the 


ps of the Sn, Northern or Southern. 5 


/ 


Given, 4 


TT 


| 


which there is 
1. The Side P N, the 7 f che Pole of the Xqua- 


. Ry 55 . 
2. The Side the Co of the remon. 
ol the Sun As the Comple which the Sun muſt | 
have when the Twilight Begin or Ends, vis. 72d. 
3. The Side P ©, the Complement of the Declination of A 
the Sun, which will be 
0. 


| Round, CLARE: Which muſt be tumeã into Time? che | 


ig Thau 0 Wien in Nonhern 
| Ualier:$ Peers, Tuben in Southern 


which, being 5 
: Shes the Beginning of the, Morning 
): Teibight.. 
eee n e abr e from. 12 Hours, ſhews. 
7 | the End of the Evening Twilight. tA 
The Canon for Guleulation: ** 
i froth he Sie fe Tring 19 8 
he Half Sem ig 9 d. 24% m Or. 3 


KEE between the Half Sun 99 d. 


24 m. 1 
the Side oppob N 7 N FI "TY 


As hy Radivs f 0 ww 
by pane Sine of FN, Co Bur of the Sides cording” the enquired 


COLE of P © > (he other de avg the enquired. 


s 


1 
0 Sites 38 9512 


9 
(2) As 


* 
a 
\ . 
N — 
g 
* 
* 
N. 
1 
> 


| Plate XVII. Feber Tage 226. toP. 228. 


6 „ e * 
* = 
* " a 4 


; Aſtronomical Problems. 2545 8 
(0.08 the Sine of 384. 29 m. laſt found, „ ls ES: b 
1 ＋ o ry the Half Sum of the Sides, 99 d. 14 m. (ot xy. 3 
So is the Sins of the Difference, 27 d. 24 m. 2 1 
To the Sine of 47 d. 41 m. i ws = 
To which Sine add the Radixs, and half thereof will be the "== 
Sine of 59d. 19m. Whoſe Complement 30 d. 41 m. is x 
"Halfebednpe at l 3 
Thus the at P, being 61 d. 22 m. that reduced into Time, 
makes 4 h. 6 m. ere. | 
At which Time the Twilight Begins in the Morning. And that 
ſubſtralted$rom 12 h. leaves 7 h. 54 m. for the Time that 
Twilight will End in the Evening. * | . 
$4. .PROB. XXXV. 53 
The Elevation of the Pole, andibe Altitude of 2 Star; whoſe R 


ight 
_ Aſcenſion and Declination are both known: To fd out the ; 
nen of Time, an the Azimuth of the Star ar that Time.” 


a „ 
" 


. 


i 1. By the Cœleſtial Globe. 
Fife the Globe to the Laritude, (ſuppoſè London). 51 d. 
30 m. Bring the Place of the Sam cfoppoſe 27 d. 54 m. 
of Piſces) to the Meridian, and the Hour-Index to 12, and the 
Fs of Altitude to the Zenith + Then turn the Body of the 
lobe about, till the Star (ſuppoſe Caput Andromrdt) meet with 
5 d. 24 m. (che given Hirirude thereof) Then will the Hoar- 
ade point at the Time required, v7s. 3 h. 47 m. Morn. 
II. By Trigonometrical Calculation. Trey” 
The Sun at Noon is at the higheſt. Take away therefore the Fig. 


Suns Right Aſcenſion, from the Right Aſcenſion of the Star; and XL VI. 
the Remainder being turned into Time, ſhtws how many Hours XLVII. + © 
Afternoon the Star is at the higheſt. Therefore, ; Ono KH 


| ar . a * 1 8 Eaſtern 1 T Fig. XL VI. | 
When a Stat is in the FP >Parts, wing T 3 


23 - * 8 
Fig. XVII. 
| FN 4 26 TO x11 OT 
v. | | | —_— ' - . - 4 a v2 4 * „ . 
P23". In 
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Anilla "Mathematica. 
In the Triangle P Z S there is 


1. The Side P Z, the Diſtance of the Pole of the FE. 
' quator, and the Horizon of London, 30 d. 30 m 
Giv 2. The Side Z S, the Complement of the Star's Altitude, 
W 84 d. 36 m. 
(3. The Side PS, the Complement of the Star's Decli- 
nation, 62 d. 42 m. | 


1. Tee Angle 5. mn Be tune into Time: 


is XLVI. ) Taten from) the nne 
nd 8 Jol tes Er Crlmis 
In Fig. XLVII. Added to 3 nation, 
that the Time of Obſervation may appear. 
' 2. The Angle at Z, the Azimuth of the _— at - 
Time of Obſervation. | 


__ The Canon for Calculation. By Ca oe XI. of O. AS. T. 


„ nn 
(. As the Radius, 
to the Sins of 2, 38d. zo m. (the 8 of che 


Latitude.) 
So x the Sos of Z S: (the Complement of the Stars Aud, 
36m. 
To the Sine of 38 d. 18 m. — 25 6 oh 
a As.the Sine of 38d. 18 m. ud 
s to the Sine of the half Sum of the Three Sides of the Triangle 
92 d. 54 m. (or 87 d. 6 m.) 
So is the Sine of the Difference - ITEM the Hal alf Gr, a the 
Side Z. S, oppoſite to the Angle at P) 8 d. 
To the Sine of 61 d. 10m. The Double whereof 122 d. n 6 


0 is the Quantity of the. Ale at F. n x 


5 48 8 h. 10m. 


2. For the Angle m . 1 2 * 


1 As the Co-fine of the Star's Altitude 2 84 d- SC 


9 5 phepngg Angle ay P, 1229. 20 m. Or. (mp. to 2864) 5 


5 $0 ith Sine of hed SP, (ine Comps of the Star. Des. 


tion) 62 d. 4 
To the Sine of the Auge at , 484 „m. And that i the” 
ars W Werte. SE 8 


N. f 
” = G 5 $ 
» . 
* 
6 n 
4 "©. 1 9 
8 V p — p 
*% \ b 2 
oy @ 
- 


* 


«a 


- angls made upon the Glote the ame vis; the 


" Problems. 


Example in Caput Andromeda.” 


Andromeda, . 1 Ob/erued in the E 
— —— 2 7 the Hari * The San. Longitude at that 


. which ſubſtract the Sun $ Right Habs 358 d. 


m. there remains 359 41 5 
Which turned into Time, gives 23 . and 57 m. which i is as 


255 1 


15 the Latitude of 51 d. 30 m. Altitude, of the . of XI. , 
* Part to have 5 d. 24 m. n 


54. m. *ot Piſces x. At which D. II. 
[ime 1110 the ay Ks ceaſion of the Sun is 338 os 
The Right Aſcenſion of Cap. Andromeda, found as before 357 43 
To which add 360d. it makes 27 45 | 


many Hours as the Star i FO cy to the Meridian after 


| the Sun. 
Thus the Angle at F, being found to be 722 l. 20 m. which... 


(che Star being in the Eaſtera Part) mult be ſubſtracted from — 
Time of Culmination, 23 b. 57 m. and then there will remain i 


15 h. 47 m. for the Time of r * is 3 *. 
47 m. inthe Maine 


. ' — o 
G. "4 | 6. * * 


P * „ ©oar 
R 0 B. XXXVI. | 3 
N -— l 


0&5 


The Time of # Offioation, and Latitude of the Fes being given = ; 


To find out the Altitude and Azimuth of a Star given. {4,1 


I. By the Caleſtial Globe. e x 


to the Zenith, the Place of the "Sun to the n | * 
Þdex to 12. Then turn the Body of the Globe abo 
Index points at che Time given, and there keep it: 1 


1 R the Globe to the Latitude, the Quadrant of Alita, 


Quadrant of Altitude laid over the Star will give you upon it i 
Stans ey, and when it cuts the Horizon, LY 


"it; 3s Thi Calculation... 


- 


- 


Ibis 6 bot the Converſe of the ſormet Problem Aud the THi- — 


* 1 


1 
22 LY 
* : 
* 

F 

a 


= 1 


n in 2 


* 


1. The Sid 2 P (the Piſtance of the Poles of the Aus- 
(er, and Hlerisog of London) 38 dl. 30 w.. 
\2. The Side 5 8, the Complement of tie Syar's Ders. 
© $108 (Cap Andromeda) C d. 42 m. . "a 
J The Anzls S N (the Tre between the Tine of OF 
Jervation, and the Time of the Stars next Calunatiun, 
dis. Sh. 10m) which is 122 d. 20m. 
.. The Sid Z 8, (the Complement of the Star's Obfer. 
n uired, & ved Altitude). 
© 2. The Angle at Z (the Azimuth of the Star, = 
(the North Part of the Meridian) 


The Canons for Caleulation.” By Caſe 1X. and Coe]. of. A S. T. 


1. For the Angle at Z. 1 
119 As te Sine of bf be Sam of the Sides Ar and Z.8,t504. 


igt Sine ofthe half Difference, 14 d. 6 W | 
80 8 the Co · tangent of half the Given Angle, Z. P 8, 60 1 8. 10m. 


Io the . of 8 d. 30m. the half Difference of the Two 


Angles, 1 
0 the Corine of half the Sum of the Given Sides, 50 d. 


15 © th the ede of their hatf Difference, 12 d. 6 m. 
So is the Co tangent of half the given Augle Z, 61 d. 10 m. 5 
To the Tangent of 40 . 22 m. Which is the balf Sum of the 

"Two Angies. | 


e . | 258 297 i ; 
30 m. O Subſtracted from 1 Rely 31 32 Age dg 


„ eee is 48 d. dens from the 5 
Fart of the Meridian. | 1 2+ 8 * 


Bezel For the Fi 2 17 : 7 
Kg the Auule at Z, (aft Wound) 48 d. EPO 


to the. Sine of the Side SP Complengent of .the $ 
Declination) 62 d. 42m. + cd 90 . 


So is the Sine of the An 400 2 F. 122 d. 20m. (ot a 40m.) * 
To the Sine of 84% d. 36 m for the Side Z S. Whoſe: Com- 
plement, 5 d. 24 m. is the Altitude of the Stat at che Time b 
of Obſervation. : 


„ Aſtrono- 


no * n OBE W 


eee Problems 


"InNTRODEETION. 


| A conſiſteth principally of Two Pans, viz. the one 
Mathematical, as is the Aſtronomical Part z the other Jadt- 
cia), as is the A \tro/ogital Phrk.:) 

"The A wot Part teacheth how in 2 Scheme or Egure 
(as they call it) to repreſent the Face of the Heavens in Plano, for 
any Hour of the Day or Night, ar all Times of the Year, and in all 
Parts of the World. 

The Aſtrolagical Part teacheth how (from the Sisbt of the ſaid 
Poſition of the Scheme or Figure of the Heavens at the Time of its 
Erection) to give a determinate Judgment of what was demanded. 
upon that Erettion of the Scheme ot Ligure; as of Annual Revo, 
lutions, Elelliont, the Natibity of a Perſon, c. 

The principal Authors that have given their Qplnicas toncets- 
ing the dividing of the Heavens into 12 Mdnfions or Houſes, are, 

, Ptolomy, 2, Alrabif ius, 3. Campanus, and 4. Regiomontaniss : 
Which laſt Way is now generally received and iced among 
_ Aftrologers of theſe Times, and by them termed. the Ratronat 

Way of Regiomontanus. 
Now, becauſe (as I ſaid before) that the kreckion of 4 Figure of 
the Heavens is the Mathemarical Part of Aftrology, I hall there - 
tore ſhew ho by che Globe to erett a Figure of the Heavens ac- 
— to the W 1 2 of. noon 


1 


 PROB. 


| Ancilla Mathematica. 


* e | F R OB. a * $ 

How to Eref a Figure ofthe Heavens in the Latitude of Lond 

51 d. 30 n. N. for the'1oth Day of March, at 49 1 . ** ä 

the Forenoon; at tohich Time tht Sun entred into the firſt Scru- 

ple of Aries, in the Tear 167. 
HE Heavens are divided in XII 9 or Manſions, by 12 
Semicircles of Paſuion; N urpoſe, to ſome Giaber, 
there is made one of Braſs, Which is fixed in the Interſections 
of the Meridian and Horizon, by the Elevation or Depreſſion 
whereof the Heavens may be divided into Parts or Houſes 
through each Degree of the Ec/iprich.  . , 

Of theſe XII How/es, or Man/ions of Heaven, Four are called 
Cardinal, as, (1.) The Horoſcope, or Aſcendent, or Cuſpis of the 
Erft * (2.) The Medium Cli, or Angle of the South or 
Cuſprs of the Tenth Houſe. (3.) The Deſcendent, or Angle of 
the Weft, or the Cufpis of the Seventh Hoſp (40 The Imum 

2 or the Angle of the North, or the (Hus of the Fourth 

In Pts a | 


 Regiomontanws divides the Heavens into XII Houſes according 
to his Way, by the Circle of Poſitions paſting through every 3oth 
of the Zquinofia/, and cutting. the Ecliprick at ſeveral 
Points, which are the Cuſpiſes of the ſeveral Houſes : So that 
l Tan bg is 4 to Gm How og cw 3 Recłi. 
and brought to the Given Hour, you have the Cy/pi/es of the 
Four e Fo en e er A 
The Degree (Eaſt Side of the Horizon, ) Gives (Fit 
of the E. South Part of the Meridian, the Tenth ( 
cliptic cut) Weſt Side of the Horizon, (C(uſpis) Seventh 
by the (North Part of the Meridian, ) of the (Fourth 


_.. The Cu/pi/es of the other $ Hobſes are found by the Motion of 


— 4 


1 = 


the Grcle of Paſitian, as ſhall be ſhewed by and b. 

The Howſes are denominated by 1, 2, 3, 4, Cc. td 12, from the 
Aſcendent downwards to the Imum Culi, up again to the Deſcen- 
dent, and again by Medium Cæli, down to the Aſcendent. As 
in the following Scheme. | | | 


Law 2& - 
SS 


9 


* 


c „ 
Au ne, | 22 


A Eijgare of the | 
Ss. 


HOUSES.|, 


Ie this ſuffice for Defiaizion, and nom we will come to the 
Praffice by the Globes. 992775 


F , To the Day . propoſed, the 19th of March, find (by the 
Aſtronomical Problem) the Sun's Place in the Ecliprick at 
Noon, which you ſhall find to bein o d. 5 m. of Aries. 
G Secondly, Set the Globe to the Latitude 31 d. 20m. 
Thirdly, Bring the Suns Place at Noon (o d. 5 m. of Aries) to 
the Meridian. 1 $3 oY $4 . 
_ - Fourthly, Turn the Globe about till the Howr-Index point to 
the Hour given, viz. to 49 m. after 9 in the Morning. 
Laſtly, The Globe being fixed in this Paſſtion, you ſhall find 
that the Eaſt. Semicircle of the Horizon doth cut the Ecliptick in 
o d. 29 m. of Cancer, which is the Sign then Aſcending, and muſt 2 
be placed upon the Cu/pzs of the Firſt Houſe. „ 
Then caſt your Eye upon the Interſection of the South Part of 
the Meridian and the Ecliptick, and there you ſhall find the E- 
cliptick cut by the Meridian in 25 d. of Aquarizs, and that Point 
of the Ec/ptick is then in the Medium-Cz/i, and muſt be ſet upon 
+ the Cuſpis of the Tenth Houſe.” 11-42 
Alſo, you find that the Weſt Semicircle of the Horizon, cuts the 
Echptick in oo d. 29 m. of Capricorn; which Point is then De- 
ſeending, and muſt be placed upon the Cy/pis of the Seventh Houſe. 
| | Q q | . Laſiy, 


(we 1 1 * * a f — 2 [by * K * 
— 2 — 


42600 Aneilla Mathematica. 28 
L, Lou ſhall find that the North Part of the Meridian doth 
cut the Ecliptick in the 25th Od. of Leo, which Point is then 
upon the Inum Cz/i, and muſt be placed upon the Cufpis of 
the Fourth Houſe, | | | 


occupy the Cuſpiſes of the Four Cardinal Houſes: Now for 

tbe other E/gbt Houſes. | 1 | 

Let the G/obe fit reſt in its former Po/irion, and then, 
Fit, Bring the Circle of Poſition, to its Place on the Eaſt Side 
of the Horizon; and. being there fixed, raiſe it upwards towards 
the Meridian, till 30d. of the Æguinocfial be interceptgd be- 


tween the Horizon and the Circle of Poſition; and then you 


ſhall find that the Circle of Paſition will interſect the Ecliprick 
in 20 d. of Tayrws z which Degrees muſt be ſet upon wech 
of the Twelfib Houſe. 3 ; | 
Secondly, Move the Circle of Paſition yet higher towards the 


Thus have you found the Points of the Ecliptick, which do | 


uſpis 


Meridian, till 30 d. more of the Æguinoctial be "intercepted be. 


=_ _ - tween it and tin Horizon, (in all 60 d.) and when in doth ſo, 
| | you ſhall find the Circle of Poſition will cut the Ecliptick in 36 d. 
of Piſces; which Point muſt be fer upon the Cu/prs. of the 
Eleventh ' Houſe. | | 9 


of Aguarias, as before. | . 

. Thirdly, Move the Semicircle of Poſition from the Eaft Side 
. | of. the Horizon to the Weſt Side, and move it downwards 
= - from the Meridian, till 30 d. of the Æguinoctial be intercep- 
I | ted between the Meridian and Circle of Poſition, and then you 
ſhall find the Circle of Poſition will interſect the Ecliprick in 
7 d. of Aguri; which Point muſt be ſet upon the Cuſpis 
of the Ninth Houſe. | | 


"=o | | Foxrthly, Move the Circle of Poſitiog yet lower by 30 d. 7. 6. 


The Meridian gives the Cuſpis of the Tenth Houſe in 25 . 


60 d. from the Meridian downwards, and then you ſhall find 


me Poſition Circle to cut the Eclipticſ in 21 d. of Capricorn ; 
which Point muſt be ſet upon the Cz/pzs of the Eighth Hauſe. 
The Deſcendant or Cuſpis of the Seventh Houſe, is the In- 
terſection of the Weſt Side of the Horizon and Ecliprick, 
which is in oo d. 29 min. of Capricorn, as before. 
And thus have you found the Guſpiſes of the Four Hou 
above the Horizon, beſide the Aſcendant and the Medium Cr- 


* 
9 


I, viz. of the 12, 11, 9 and 8 Houſes, Now the Cu/piſes of 


. Aſtronomical Problems. 
the Four other Houſes under the Earth have the ſame Degrees of 


the oppoſite Signs upon them. For, 


+ Houſe. 
20d, YL Fs 12) (20 d. n 6 
26 d. (Being upon the) 11028 d. (will be on the) 5 
7 d. ( Cubis öf the) e) 7 d. RC i of the) 3 
b N 1 


21 d. v g) 21 d. 
28055 Por the Six Signs 
Aries, Taurus, Gemini, Cancer, Leo, Virgo, 
| are oppolite to . 
Libra, Scorpio, Sagitt. Capric. Aquar. Piſces. 
And this is the manner how (by the G/obe) to ere a 
Figure according to the ( reputed) Rational Way of Regromon- 
Tans.- | — 7 
Now if you would infert the Places of the Planets into your 
Figure, (for it is them that the Aſtrolager principally giveth 
Judgment by? your beſt Way will be to have Recourſe to 
ſome 7 — phemgris, or Calculate them from Aftronomi- 
cal Tables). © | . 


Having in the oergoing Pracege? ſhewed how to ere&t a Scheme 
' "(or Figure of the Heavens) by the Globe, I ſhall now (to 
retain the ſame Method throughout this whole Treatiſc) 
ſhew how-to effect the ſame Trigonometrically; the which 

I ſhall do in the Three following PROBLE MS. 


P R OB. I. 
Tbe Time of the Day, and Latitude f the Place given : How 70 
Eref a Scheme or Figure of the Heavens for that Time and 


1 


By Trigonometrical Calculation. 


Ou muſt firſt! find (either by Tables already Calculated, Eg. 
or by the foregoing Aſtronomical Problems) the true Place KLVINI, 


of the Sun in Longitude; and allo, his Rizht Aſcenſion, both for 
the Moment of Time given. TY GG 5 
Then turn the Time given, (counted from the preceding Noon) 
into Degrees and Minutes of the Æguator; and add them (bein 
ſo turned into Degrees and Minutes) to the Right Aſcenſion o 
the Sun before-tound; the Agregate (caſting away 360 d. if 
K 7 Q q 2 ar need 


of 4 1 q * "a 2 o I „ N " E * , a n - * * 
Ig a Ly 8 — FR PT , * * 4 7 0 * * * 
2 * & - . : 
3 \ 
- X . . = 
- k * 

* 4 , - l 

= * - 


13 Fig. need be) is the Right Aſcenſion of the Mid Heben: To which 


I. yon muſt find what Degree of the Ec/iprick doth anſwer z for 
8 that will be the Sign of the Xth Hoſe. 18 
Then, To the Right Aſcenſion of the Mid. Heaven, add 30 d. 
then 60 d. again go d. and 120 d. and 150 d. And thus you will 
find the Oblique Aſcenſion of the XIth, XI 
or of the IId and IIId Horoſcope. 
By the Erection of the Circle of Poſition above the Horizon at 
2 30 n there are made feveral Spherical Triangles, as 
I I 7 C. 
In which Triangle (beſides the Right Angie at I.) there is 


.. TheSide H E, (the Elevation of the Æguinoctial 
Given, Q above the Horizon of London) 38 d. 30 m. | 


2. The Side E 11, 30 d. (and I 12, 609, Cc. | 
To find, The Angle T Ir H, — X "__ c. By Caſe XIII. 


„ f N. A. S. T. & <a 
As the Tangent of H, 38 d. 30 m. ö 
Is to the Radius: . 


So is the Sine of AZ 11, 30 d. 
To he Tangent of 32 d. gm. 
Whoſe mplement 57 d. 51 m. is the Quantity of the 
| Angle H TI E. | 
8 D. M. 
ill H — 80 e 
So v 12 42 32 
the An- H 1 Be yo 7 10 
ge H 2X#( © 42 32 
| H 34 57 51 
Theſe Angles being once found will be 6 in Uſe in the La- 
titude of 51 d. 30 m. For that they ſhew the Quantity of the 
Angle, that the Ecliptick: makes with every Circle of Poſition. 
Moreover, 
1 n Inthe Triangle 11 KX, i Y V, &c. there is 


1. The Angle X 11 1 hich is z contiguous Angle to- 


Wont a the badete Foun Angle HII E | 
Given, C 2. The Side Y 11, the Complement of the Oblique A- 

5 ſcenſion of the Xith Hauſe, to a whole Circle, 18 d. 
3. The Angle 11 / X, 23 d. "or 

@ 


Ich, and It Hage, 


Amica Problems, © 
Io find the Side / X, or the Diſtance. of the Sign of the XIth 


But it will be ſufficient to count the - Signs of the Oriental 
the Xth, — the Vth to the IXth, are counted as many Degrees. 
and Minutes as the others; but of an Oppaſite Sign. n 
Example, Let it be required to Exect a Scheme of the Heav 
(in the Latitude of 2 51 d. 30 n.) for the 6th Day o 
March, he 16 b. 5 m. before Noon. c | 
The Place of the Sun then was in 27 d. 54 m. X. 
The Sans Right Aſcenſion, 3 58 d. 4 m. VENT” 
The Iine 16 h. 5 m. turned into Degrees, gives 241 d. 15 m. 
Which added to the Right Aſcenſſon of the Sun, make 599 d. 
19 m. from which ſubltraQ the Circle (360 d.) there remains 
239 d. 19 m. for the Right Aſcenſion of the Mid. Heaven. To 
- which anſwer 1 d. 27 m. of 2, which is the Sign of the Xth 
Houſe. And from thence J collect the Obligue Afcenſion of the 
reſt of the Hoſes as followeth, vis. Nv: 


; e 
© The 917. (X11 3 123 
| ds l Houſe Se wo The Sign. 71 > & 
It 5 II to be 1229  ?C thereo is 7 | 
ol the 7359 19 28 46 ** 
| III 29 29 11 45 BS 


But becauſe the IVth Houſe is oppoſite to the Xth Houſe, it 


will have as many Degrees and Minutes upon the Cz/prs thereof, 
but of the oppoſite Sn, vis. U, and the Vth the ſame as the 
XItb, vis. 15 d. 15 m. of the oppoſite Sen, U. The VIth 1 d. 


oo m. . The VIIth 29 d. 27 m. of . The VIIIth 28 d. 


- 46 m. of m. The IXth 11 d. 45 m. of m. As may be ſeen in 


the Erelled Fig. XII. 
n 10 Direct any Point of an Erefted Scheme 70 any otheyRoint: 


63 
| Fig. 
' Houfe from the Verna/ Rguinox. By Caſe IV. of R. A. &. T. XLVIIL | 


wy Or For thoſe which are 885 to them, (as the IVth to g 
C.) 


. THE Point that is Pires ted is called, otherwiſe, the Firſt Fig. 
| Place, or Srgnficator: But that to which we direct it, XLI 


the Second Place, or the Promiſſor: But the Signficators are di- 


rected whither they tend: Direfed, that is, Going accord ing to 
the Series of the Signs; but Rerragrade in Antecedens, or againſt 
the Succeſſion of the Sig us. | Pay 


2. Les 


» T4 * 4 * * * * 
, 1 oo a » © 
= 
* - 
0 4 * 
. N 
4 fs 
= 4 = 
U 
— 
* ? 


neil Mathematica. 
2. Let the Poſition made by any direct Sjgnrficater, or by the 


 Promiffor to which the Retrograde is Directed, be called the Hori- 


zon of a Star: And it is either a right one, paſſing through 


both the Poles, as the Meridian; or an Oblique one, having One = 


of the Poles elevated. + K 

3. The Oblique one is, ſometimes, the kame as the Horizon of 
the Place; and conſequently, the Elevation of the Pole is the ſame: = 
But, when it is different (which moſt commonly happens) you 
muſt firſt enquire how much One of the Po/es is Elevated above 


the Horizon of the Star: But if a Star be | 


Oriental, North,) (Fig. I. 

| Wich Decli- JSourb, ( in ES. II. 
ENTS nation, ) North, Fig. HI. 
Occidental, South, ) Fig. IV.” 


In the Triangle POS, or P H 8, for the Situation of the Star 


above or below: There is 


iſ'z. The Side P O, ot P H, the Elevation of the Pole at 

London, 51d. 30 m. : ED 

2. The Side PS, the Complement of the Stars Decli- 
nation. 


Given, 4 3. The Angle 8 P O, comprehended between them 


«Awhoſe Megſure is the Arch of the Aguator, which 
1 is intercepted between the Sides PO (PH) PS: 
One of which being produced, ſhews the Right A- 
| /cenfion of the Star; the other, the Right Aſcenſion 
of Imum Call, ov f | 
Required, The Angle P OS, or P HS. By Caſe NM. of R. A. . I. 


Again, In the Triangle R O, or R P H, (which are in diffe- 
rent Hemiſpberes, when O or H (before found) are greater 


than a Quadrant or 90 d.) Y 
There is Given, (1. PO or P H, the Elevatioꝝ of the Pole. 


beſides the _)2. The Angle O or H, before found, (which 
— * Angle) 1 it 1 a Quadrant, is Complement to 
at | 190 d. 25 | 


To find R P, The Elevation of the Pole above the Horizon of the 


Star. By Ce III. of R. A. S. T. | | 
4. Having found the Elevarion (by the Third beforegoing) _ 


Joc the the 7 . 


when the Horizon hath any Star that is Occidental, the Obl. I. HI. 
Fe tim 
both of the Significator and Promifor.* 7 * 


Signi ficators Direct, | | e 
5. Having Promiſſor, to whom the cenſion or Deſcenſron 
found out the) Neal is Directed, Ae Ye | os 
for the Horizon of the Star: Let the Right one, or the Obligue 
one, be ſubſtracted from the like Aſcenſion or Deſcen/ion of the 
other Star (adding 360 d. if Need be) the Remainder is the det 
of Diredlion ſought tor. | \ 20 


r RO B. W. 


The Ark of Direction of any Significator ein given: - To find - 
bow. far it wilt reach, 3 7 1 e 25 


| HIS is but the Conyerfe of the foregoing : Therefore lock 
1 for the E/evation of the Pole above the 3 of a Diredt 
Signi ficator as before; and at that Elevation you 255 (by the 3d.) 


2 5 Aſcenſion FX Oriental. 
the Qblique 5 H, el 1 Fof the ſame S7gnficat Occ 3 l 


to which 4 8 add the given Ar& of Direcfion, fo will 


you get theObliques . To which find what Degree of 
the Ecliptick anſwers (being counted from the Elevation of the 
Pole above the Horizon of the Sznificator) which is the very 
Place to which the Ark is Drrefed, and to which the Signiſicator 
will come. ler 
But ſubſtract the 47K of Direclion given, from the Right Aſcen- 
fion of the Retrograde Significator, and there will remain the 
Degree of the Ægquator, which is found out by the Retrograde + 
Significator, by Direction, tending to the Promifſor : The Circle 
of Poſition paſſing through this Degree (which ought well to be 
. obſerved) will be the Horizon of the Promiſſor: Above which, 
find the Elevation of the Pole, as before: For, if that Degree fal! 


on the 55. orth, Fig. © 8 the J Webern rar of Heaven, the 


South, Fig. f a ; 
Gen inning uo ef i, Be in Teil 
p For 


_ Mn; Methenetie.. 

- 4 W the Situation of the Degree obſerved, whether Above or 

7 12 OW; ö PS 1 | ; | 
II. IV. Frem the given Angles, a5 above, (the Angle P being counted in 

| the ; og not from 55 Right Aſcenſion of the Significator, 
but from that Degree which hath, oftentimes, been taken notice 
RN 8 at the Medium or Inum Cæli) I ſeek for the Angle 
Or H. 7 2 8 0 | a 

And moreover, in the other Triangle, R P, the very Eleva- 

tion of the Pole above the Horizon of the Promiſſor : At this E- 
vation of the Signiſtcator, if you obſerve that | | 
ID re] Hou will gain the Oblique? be, From which | 
take the given Ark of Direction, and the Remainder will be the 
Oblique Donnas to which the Degree of the Ecliptick an- 
ſwers, (but it muſt be counted from the Elevation of the Pole 

above the Horizon of the Promiſſor) and is the very Place, to 
which the Szgnificator will come, by this Art of Direction given. 


v. 
= 


” 7 1 c 
te fo = 
- * " 


The End of the Aſtronomical Problems.” 
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DIALLING. 
r 
Of Dialling in general. 


4 F the Mathematical Sciences, I know none more Inge- 

| nious and Uſeful then This of the Deſcription of Sum- 

Dials upon all ſorts of Plains howſoever ſituate: Nei- 

hy is there any thing that draws more Admiration from all 

wi 

Unequal Diftances to meaſitre out exactly the Equal Diviſions of the 
Time of - Artificial Day : For, 5 the Sun —— in 

different places of Heaven, according to the different Seaſons of 
the Tear ; yet, the ſame Strezght Lines, do ſtill determine the ſame 
Hour, at all thoſe different Seaſons. And as this Science is of ſuch 

| 2 Aaa Excellency 


» — then to ſee ſtreight Lines drawn upon a Plain at 


267 


9 
* 


Anucilla Mathematica. 

Excellency and Uſe, I ſhall in this Section, briefly ſhew (and that 
by an Artifice not uſua) Mech how 2 Eon-Lines ay 
be J bee upon all P, ag. mots the Woild: And that 

by Trigonometrical 3 as. well as by projecting the Circles 

of the Globe upon a Plain. . 

Now, All Plains have a plirticu reſpect to-ſome Point, in the 
Latitude of 00 Place y in. ane they ſtand r ſome 
articular Nac & aſſi e in all 
the Varieties. Weit th gene take Tei gd Metre opolis of 
Eygland (which is ſituate in 51 deg. 30 m- of Weh Lam Lain, for 

our * ö 9 


—_— WW 


2 ISI n e . * 1 — 1— 
— — 2 — — * — — — — — — — 


CHAP. II. 
Of the ria 8 Plains, "upon which. Hour-lines wy be: 


eſc 7 EEO % 7 1 
1 ea e i 
LL Plain 1 u which Sum-Dials OY. made, i in any. La-- 
titude or Place of the World, are ſituate either 
Parallel | | 
Feen 0 2 Hora of that 


Place (or Comery) in which they are Ed And, of theſs. 
I. A Plain that lies Parallel (or Level) to the Horizon, Is Ts called: 
an 1 Plain, for the Latitude of that Place in which it 1s: 
to 

II. Of Plains that are Ferpendiculur, or Erect, to the Horixon, 
there are ſeveral Varieties. For, of ſuch Hains, if the Face there-- 
of doth directly behold the. | 

846 A ; en be regt 
EC ;Point of the Horton of the Plice 7. | ür 


* — 


wherein 255 Ter are then ie | 
%, Da rhin. 


Of Dial. 

But if ſich Erect Plains do not behold N Direct Baft, V. ft. 

aer or South Points of the Horizon," ox then will behold 
either 

LC] 


* : - 
7 8 * Nan 


i. of Plains that = Obbquely 1 to the Ask (ſuch 2 as « the 
Roofs of Nooſe the Cooping of Walls, &c.) ard called Avelinng 
3 An i ſach Pom do behold be die 


Ve Points We thy Thee They are then 


South 
called Direct Eaft, lle, North or South Plains : Rein b. . 
the Zenith of the Place in which ſuch Plain ſtands. | 

- But if ſuch Rechning Plain doth not reſpect the true Eaſt, 
Wa ft North, or South ren then N. Ar gas en either tothe 

e | 
.. North-Weſt 


Senn . * 
T1 clining Plains: Declining 525 | 
N 

And theſe are all the Faridies of Haus, upon 1 * Ela, Li, 


be deſcribed. 
Only note, ] That all Reclining Plains whatſoever; whether Dietl 


or Declinng, have Two Faces; the Tag Face, which beholds the 
Zenith of the Place, is called the Reclinin Plam : And the Un- 
- der-Face , which beholds the Horizon of the Place, is .called 
the Incliner : And one and the ſame Dial ſerves for both Places, 


Ly , | — g 1 
tO TORE 2488 88 CHAP. 
2811 qq" | | 


5 Arcs Mie. 


CHAP. m. 


2 to fend the Situation of any Plain, i reſpets 9D De- 


Fig. LI. 


clination and Reclination, in any Lan N 


I. Tor find the Recliuation. 


Don T* E Quantity of the Reclination of a Plain, is. 
the Arch of * Vertical or Azimnth Circle which- 
dicular to the Reclining Plain, comprehended between the- 


| Zenith of the Place and the Plain: 


To find which, let AB CD reprefent ſuch a Reclining. Plain > 
Draw, firſt, thereon, by help of a | Ruler and Quadrant, a Right 
Line G H, parallel to the "7izon of the place; which ſhall be 
2 Horizontal Line of the Plain. Croſs this Line G H, with ano- 

ht Line K S at Right-Angles to it; which Line K Schall 
ertical Line of the Plain. 

f, To thi Line K S, apply a ſtreight Ruler K L.: And to that 
end of it which lyeth clear of the Plain, as at L; apply a Qua- 
drant OE P, having a Thrid and Plummet hanging from the 
Centre. Then ſee what number of Degrees of the Quadrant are 
contained between O and E; for ſo much doth that Plan Re. 
— the Zenith of the Place ; and i is.the CORES the 


on 


IT. To find the Declinatian. 


Defmition: bs 8 Declination of a Plain, Is an Arch of the Ho- 


rixon comprehended between the Pole of the Plazy, 

and the Meridian of the Place.— Or, It is the diſtance of the 

—_ - felf, from the Prime Vertical GireD, or Azimnthy. of Eaſt 
or Ve 

To find ont the Declnation of any Plain, there are- required 


- two Obſervations to be made by the Sun, beth at the ſame Time 


as near as may be. The Firſt, Of the Horizontal Diflance of 
the Sim, from the Bole of the Pliin;—-And-the Second, Of the Sun's. 


Attitude: © 
L. To. ſind the Horizontal Diſtance. 
Appl N 10 one Edge of the Quadrant to the Horizontal Line of the 
that the other may be Perpendicular to it; and let the 
Link of. the Quadrant be towards the Sm. The Quadrant thus; 
applied? 


[ID Of Dielling. ; 271 
applied to the lain, and held Level (as near as you can conje- Nx. LI. 

Crate) hold up a Tbrid and Plummet at full Liberty, near the Limb 2 

of the Quadrant; ſo that the Shadow' of the [hrid may paſs. 

through the Centre and Limb of the Quadrant: And then 

obſerve the Degrees cut by the Shadow of the  Thrid' in the 

 Eimb of the Quadrant; and number them from that ſide of 

the Quadrant, that ſtandeth 'Squzre or Perpendicular to the 

Plain, : For thoſe Degrees are the Horizontal Diſtauce fought 


tor, fries. 
II. To find the Sun's Altitude. 

Hold up a Quadrant with both your Hands, turning the Left 
fide of your Body to the Sm; 9 raiſe up, or depreſs the 
Quadrant, fo held, till the Sun ſhining 1 the Hole in that 
Sight which is neareſt the Centre, do caſt its Beam of Light upon 
the Hole in the other Sibt fartheft from the Centre And at fuch» 
time mark exactly what Degrees of the Quadrant are cut dy the 
rid, for thoſe ees are the m Altitude at that time. 

The Horrzontal Diftance, and the Sun's Altitude thus Obferved, . 
at the ſame inſtant (as near may be) will help you to the 
Plains Declination; by the Rules following. For, | 

L. By having the Sun's Altitude, you may find the San's 4zimnth,.. 
a4 1n'PROBL. IX. of the Uk of the Caleftial Globe in Aftro-- 
nomy : And by CASE XI. cf. O. 4 S. I. Then. 

I. When you make your Obſervation of the Horizontal Diftance ;.. 

Mark whither the Shadow of the Thrid did fall between the 

South, and that Side of the Quadrant. which. was Frrpendicu- 

lar to the Plazn.. | | "0 

Firſt. If the Shadows fath between tliem: Then the Sun's - 

Atimuth from the South, and the Horizontal Diftance added 

together, do give the Declination ob the Plain : And (in this 

. 'Caſe)the Declmation is unto the ſams Coaſt with the Sun's Axi- 
muth , that is, Eoftward, if the Obſervation were made in the 
Forenoon; os Weftward, if, in the Afternoon. 

Secondly. If the Shadow fall Not between them: 

Then, The Difference betweem the Sun's Azimuth and Hori- 
zontal - Diſtance is the Declination of the Plain And in this 
Caſe) If the 4zimuth be the Greater of the two, then the 
Hain Declines to the ſame Coaſt whereon the Sm is; But if the 
— — be the Greater; then the Plain Decliues the contrary 


And 


— 


- 


+ WM Anciſla Mutbematica. 

| L. And here Nee That the Derlinatiom thus found. is is always 

751 Accounted gon the Svnt h; and that all Declinatiofs are 
| 5 counted from either North or South, towards — — 

| or Vet: And muſt neverexteed.go Degrees. | 

1. 1f ell a The Degrees of Devlination do eicted 90 > deg. 

vou muſt take the reſidue of that Numbet᷑ to 180 Tat and 
that ſhall be the Plain's Declination from the North. 

II. If the Degrees of Declmation exceed 180; then the Exceſs 
above 180, gives the Plam's Declmation from the North, to- 
wards that Coaſt , which is Contrary to the Coaft whereon 1 
Sun was, at the time of Obſervation. r <q: 


= E. — N - 
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1 > 98 HAP IV. 


How poo Likes may be Aged upon e Hortzontal 
Plain: in any 5 5 VIZ. of W 5x d. 30m. 


2 1 By the Glebe. - 1 
Fase Globe to the Latitude of the — dh 
would make yo Dial, (ſuppoſe for Londor, in the Lata 
of 51. deg. 30 min.) Then bring £ the Vernal EquinoGial Colure 
(which'is the firſt point of Aries alſo) to the Meridian, and (if 
you will) the Fade of the Hon Circle to 12. This done, 
r. Turn the Globe about Weſtward, till the Hour-budex * at 
I a Clock, or rather [till 15 degrees of the Equinottial come to 
2% 8 be juſt under the Meridi ian] and there keeping the Globe, look up- 
on tlie Fortron how many degrees thereof are cut by the Equi- 
7 ock tal Colare ; which yoirſhall find to he 11 deg. 30 min. which 
| ſet down in a little Table, as you ſee here is 
d. 11 done; bee of 11 and 1s the diftance 


atitude 51. 29 dat the Bus- l, of I and 1 à clock are dt. 
d. 2 fant from the Meridian upon the Dial Plain. 
2. Turn the Globe more Feftward, till 30 
degrees of the Equinoctial comes to the Merj- 
dian, and then ſee what degrees of the - Hori- 
3 zo are cut by the Eguinoctial Colure; which 
vou will find to be 24 deg. 20 min. which note 
down in a Table as before for that is the Hour- 
1 I diffance of 10 and 2 a dock from the Meridian. 
* 5 A. | 3. 0 


Dian 
3. Turn the Globe ſtill more Veſward, till 45 degrees of the 
Equinoal come to the Mania; and then hall the Eguinoctial 


Caline cut 38odeg; 13 min: of the-Horizor counted from the 'Heri- 


dim, whidh-is the d iſtance of g und 26clock.: +. 


1 


Do thus. with the other hours of & and, of J and gn and 6 


. 


ſhall the Colure cut 90 degrees at 6 a clock, or when 90 degrees 
of the Equino@ial comes to te Meridian. Ant this being done, 


your Dial is ſo far made as the Globe can aſſiſt du. 
H. Ine Geometrical Col rutien of this Dial, in order tothe Trigame- 


trical Caleulatio x. 10 Ul o e Hock 
1. With 60 Degrees of a Scale of Chords, deſcxibe Circle re- 
preſenting 2 Diakplain, and Horizon: of the Place, (vig. Lon- 
don.) Croſs it with 2 Diameters 8 N, repreſenting the Meridian 
of the Globe, and Hour-line of XII; and the Line k W, for the 
Hom-lme of VI: then will Z repreſent the Zexiib of the Nace, and 
be the Centre of the Dial... 


2 The Latitade-of the Place being 5 l d. 30m Set them from 


Stb a, and from W to: Then a Ruler laid from W to a, will 
oroſs the Meridian & N in P, the Pole of the Nord: And laid 
from E to b, it will croſs the Meridian NS in X, the interfecti - 
on of che «Meridian. and E guiuoctial. And now you have three 
Points, viz. W, E, E; through which you may deſoribe the 
Aguinoctial Circle W E, whoſe Centre will be at c, always in 
I T's the Line NS, extended, if need be. 5 
3. Divide the Semicirle WN. E, into 12 equal parts, at the 


points G © ©, &c. And laying a Ruler to Z, and every of thoſe - 


points G © ©, it will croſs the Æquinoctial Circle WE, in the 
points * Cc. dividing that Semicircle into 12 unequal. 


5 | cone T 
3 A Ruler laid to P, the Pole of the World, and to the ſeve- 
ral points * *, ©. it will cat the Cirele of your Nam in the 
Points 1, 2, 3, Cc. on the Eaſtaſde of N, and 11, Io, 9, c. on: 
the Woft-fide of N. off atone | 

TLaſih. If you lay a Ruler to the Centre Z, and the reſpe- 
ctive points 1, 2, 3, c. and 11, 10, 9, Cc. they ſhall be the 
true Howr-lines belonging to an Horizontal Dial for the Latitude - 


of 51 de. 30 m. And their reſpective diſtances from N will be the 


ſame as in the Table they were found to be by the Globe. 
g 1 134 IT - * HT ego? 2 £4 ki J$* 3 + bv | \ S 
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In III. By Trigonometrical Calculation. 

\" An theſe Horizontal Dials, there is nothing to be found by Cal- 
culation Trigmnometrical, but the Hour-diffances upon the Plain from 
the Meridian; for which, This is | NN 

. The Canon for Calculation. 
As the Sine of 90 de. | | | 
Is to the Sine of the Latitude P N, 51 de. 30 m. 


of 30 d. for Two hours; of 45 d. for Three hours, c.) 
To the Tangent of 11 d. 50 m. for 11 and 1— of 24 d. 20 m. 
for 10 and 2 for 38 d. 3 min, for 9 and 3, Oc. as in the 
Table, before found by the Globe. 


6 at night; and for the Hour - lines of 4 and 5 in the morning, 


Four lines: And ſo is your Dial finiſhed. 

A -on either ſide. 10 11131 

. 5 And in this manner may you deſcribe Hour - lines upon an 
Horizontal Plain in any Latitude. | 


— 
”m—_ * n 


e 


Plain, ix the Latitude of London, 51 deg. 30 *. 


than an Horizontal Dial in that which 1s 


South Dial: So that an Ere# Direct South Dial in the Latitude of 
51 d. 30 m. will be the ſame as an Horizontal Dial in the Lati- 


by Tri. Calculation is the ſame with the other, only inſtead of 


51 de. 30 m. Latitude you ſet your Globe to 38 d. 30 m. and ſo 


So is the Tangent of 15 d. (the Aquinottial Difance of One hour; 


: 


So have you all the Hour-lines between 6 in the morning and 


and of 7 and 8 at night, draw the ſame Lines before and after 
_ 6, through the Centre, as in the Figure, and they ſhall be the true 


| The Stile muſt ſtand upright at 12 of the clock, not inclining 


How to deſcribe Hour-Lines upon an Er ect direct So th 
. Ps 1 any Latitude, is no other 
I. [ I 7 to the Complement of that Latitude in which it is an Ere& Direct 


tude of 38 de. 30 m. which is the Complement of 51 de. 30 
m. So that the making of ſuch a Dial, by the Globe and 


un the Calculation alfo ; But in th als there needs no Hours 


Lanes 


: ii Of Dialling.” | 
Lines to be drawn through the Centre ; for that the Sun never 
Shines upon them before 6 in the Morning, nor after 6 at Night. 
The Stil of theſe Dialt muſt ſtand upon the Hour-Line of 1 2, 
and muſt point downwards towards the South Pole, As in Fi- 

gure LIII. | | 


— * 8 


— » * 
— 


CHAP. VI 


To make an Ere® Diradt North Dial, the Latitude of 
London 51 de. 30 1. N 


HE North Ere# Direct Dial, is the ſame with the South, on- 

ly the Stzle muſt point upwards towards the North-Pole, and 
the hours about Midnight, as 9, 10, 11, 12, at Night; and 1, 
2 and 3 in the Morning muſt be left out, and 4 and 5 in the 
Mormuing ; and 7 and 8 at Night muſt be drawn through the 
Centre: So is your North-Dial alſo finiſhed, as in Fig. LIV. 


* 
{ — - — — — 
; 


f CHAP. vun. 
To make an EreF Direct Eaſt or Weſt Dial in the Latitude 
of London, 51 de. 30 1. HIS een 


I. By the Globe. 


PHE Globe rectiſied to the Latitude, the Index to 12, the 
Quadrant of Altitude in the Zenith: If you turn the 

drant of Altitude ſo about till the graduated edge thereof do 
hold the direct Eaft or We-points of the Horizon, you ſhall find 
that it will lie in the very Plain of the Meridian-Circle, and fo 
the Pole will have no elevation over it; for turning the Globe about, 
the Equino@:al Colure will not cut the Quadrant of Altitude in any 
ieular degree, but it will cut all the degrees thereof at the 
e time ; wherefore the Hour-lines of theſe Plains will makeno 
Angles at the Pole, and therefore muſt be parallel one to the other, 


which the Globe evidently demonſtrates, but will not conveni- 
ently give the parallel diſtance of each from other, they being 
* * 5 nearer 


B b b 
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nearer or farther «off each other according as the Stile > proper- YN 
* 2 to the Plain, which L ſhall now come to ſhew- . 
For the Reaſons aforeſaid, · there ĩs no Irigmometrical. Flor : 


requiredin the making of theſe Dia; and therefore, I hall. pro- 


ceed to. ACS: | 'FFr 4 * we 


= 
by ® 7 
= 7 
- 
bo + 
4 


1 be... The Geometrical Confruffan of theſs Dial hm 
3 | Let the Plain upon which you would make an Eaft or We ff Di-- 
al, Yo ABCD. 
Upon D (or an 7 where towards the Tower part of the Line 
| BD. for an Eaſ Dial, or of A C for a V) with 60 degrees of 
your Chord, deſcribe an Arch F G, upon which ſet the Comple- 
ment of the Eatitnde of the place viz. 28 deg. 30 min. from 
6006, and draw the Line P G E for the Equino&ial. 
. Towards the upper part of this Line, as at 3 aſſume any” 
point, and through it draw the Line 6 P. ndicular to th 
Fate al. for the Hour - line of Six. * towards the be 
__: part of the ſame Line, aſſume another point as L., and through 
8 it draw the Line 11 L II perpendicular alſo tothe Aquinoctial 
for the Hour- line of cm . WE 
-. 3--With degrees of your bords, upon point ſeribe 
a ſmall Arch of a Circle, as H K, and upon it (always ſet 15 
degrees (or one hours diſtance) from H to K, and draw the Line 
L KM, cutting the Hour-line of Six in M. 
+. - - "kl 4. Upon Mas a-Centre, with 60 degrees of y our Chord; de- 
| A * Arch of a Circle N O, which divide into fiveequal parts 
% in the points © © O. 
5. Lay a Ruler upon M and each of theſe points O S 
and the Ruler will cut the 2 E in the points ****, 
1 through which points, if you draw Right Lines parallel to the 
Hour-line of 6, they ſhall be the Hour: lines of 7:8, 9, and 10 
oel the Clock the Hoor-lineof 6 and II being drawn before. 
. For the Hour-lines of — 5 in the Morning, before 6, 
= they retain the fame diſtance .6, as do the hours of 7 and 85 : 
1 an 222 our Dial finiſned. ; 
Ihe Stile muſt ſtand upon the Hour: line of, 6, and bee, 


levated ſo hi gh 8 is the length. of the Line M Py and may either 
1 be a Pin of Wyre, or a Plate of Brafs or Iron. 

3 The Felt 1 is the ſame with dhe Ealt, only: changing the 
- —— ante ak the Haus. ' | 


Bar: 


D 


E 
; Plate XIX F rom Eig. 267. to Fag. 278. 


— 
— - 


— 
— 


- Y * 


D 2577 


e He M coi, in te Þ Dat” 1 
5, 6, 7, 8, 9, 10, I1 in the Morni in the Ea. Di 1 
9 3 "MY 5 9, Muſt bec to ) DM | | 
8. 7, 6,'5 3, 2, 1 in ernoon in the Dial: 
. Which is all the difference. | | 
CHAP. VII. 


To make an Erect Dial, declining from the South, Eaſt- 
ward, or Weſt-ward; 30 degrees in the Latitude of 51 
deg- 30 mn, . | 


| I. By the Globe. 0 

HE Globe being Rectified to the Latitude of the place, the Nx. 
Quadrant of Altitude in the Zenith, the Index of the Hour-Cir- LVL 
cle at 12, and the Equinoctial Colure brought under the Meridian; 
I. Count the Declination of the Plain upon the Horixon, from 

the Eaft or M aſt. points thereof (according as the Plain declines) - 

towards the South; namely, 30 degrees; and to that point of 
the Horizon bring the Quadrant of ltitude, and there keep it. 

2. Turn the Globe about till the Þidex of the Hour-wheel cuts 

11 of the Clock, or rather (as I faid before) till 15 degrees of 
the Equino#:al have paſſed the Meridian, and then ſhall you find 67's 
the Equinoctial Colure to cut the Quadrant of Altituds at 9 deg. 50 8 i 


min. if you count the degrees from the Zenith point downwards. 
3. Turn the Globe farther about, till 30 degrees of the Egui- 
noctial be paſt the Meridian, and then ſhall yon find the Colure to 
cut the Quadrant of Altitude at 18 deg. 14 min. counted from | -v 
the Zenith downwards as before. . 7 
Do the like with all the reſt of the Hours, Tſfour-di- „ 
and you ſhall find that at the ſeveral 15 degrees Hours I ſtances 
of the 1 the Equinoctial Colure will oY ain = x 
cut ſuch degrees of the Quadrant ef Altitude as |< x 
are expreſſed in this Table, if you count them 12 || 00 oo | 4 
from the Zenith downwards, as is before directed. [11 | og 30 : + 
This done £5.52 10 1 14 1 
5. Bring the Quadrant of Altitude to the o- |3 27. 43 
6 
5 


ther ſide of the Meridian, and ſet it to 30 de- 
grees, the Plains declination, counted from | 
e Eaſt or Vf. points W 5 you did 

- . = 
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Fyg.LVI pay of the Horizon to which it was before; and alſo, bring the 
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before towards: the South, which will be in the juſt oppoſite 


quinoctial Colure under the Meridian. Then, ft 
6. Turn the Globe about (the contrary way to what you did 
before) till 15 degrees of the Equie@al- be paſt the Meridian, 
and then ſhall you find the Equinoctial Colure to cut at 12 deg. 
23. min of the Quadrant of Altitude counted from the Zenith. 
; And. fo continuing turning the Globe about 
7 r till 30, 45, and 60 degrees of the Equinocti- 
from | on the 4 have paſſed the Meridian, you ſhall find * 
oon.1| Plain. | the Equinoctial Colure to cut the Quadrant of 
a, m | Altitude at ſuch degrees as are expreſſed in this. 
12 | 00 00. | Table. | | 
| * 12 23] The Four- diſtances upon the Plain being thus. 
2 42] attained, there are two other requiſites in all 
81 85 92 upright declining Dials. alſo to be found by the 
1 28 1 lobe, before the Dial can be finiſhed. Namely, 


1. The diſtance of the Sub-file from the Meridian. © 


2. The height of the Tole above the Plain, or the height of the 


Seile above the Sub. filr. 


r To find boch which, ob | 
Bring the Eguinoctial Colare to the Plains declination 30 de- 


+ grees counted upon the Horizon from the South-Eaftward; and the 


Quadrant of Altitude to 30 degrees counted in the Horizon from 
on TIES So ſhall the Quadrant cut the Colurs at Right 
s. An Wd, T 
The number of degrees of the Quadrant contained between 
this Interſection and the Zenith (which here is 21 deg. 41 min.) is 


the diſtance of the Sub-/ftile from the Meridian. And the degrees 


of the Colure contained between this Hiterſection. and the Pole 
8 is. 32 deg.. 37 min.) is the height of the Ble above 


H. The Geometrical projection of this Dial, in order to the Tri- 
gonometrical Calculation of the Hour diſtances and other Regui- 
. ftes belonging to ſuch an Erect Declinimg Plains. | 
I. Upon the Point Q, as a Centre, with 60 de. of a Scale of 
Chor di, deſcribe a Circle, repreſenting your Dial Plain: And 
croſs it with two Diameters.ZQ N for the Ferticul; and H 
QO for the Horizontal Line of the Haix. | 2. Ses 


. \ = * * = 
OLI of | ng. * | 9 7 E I | 


2. Set 30 deg. the Plains Declination, from N to c, if the Plain Fig. 
Decline Eaffward, as in this Example; or from N to e if M Mr: LVI. 


Then lay a Ruler from to c, and it will cut the Horizontal Line 
of the Rain in K, ſo have you three Points Z, K and N, by which 
to deſcribe the Arch Z KN, repreſenting the Meridian of the 
Place. And to find the Pole thereof, ſet 90 de. from c, to d, and 
then a Ruler laid from Z to d, will cut the Horizontal Line 


H O, in W, which is the Pole of the Meridian Circle L KN: and 


the Weſt · point of the Horiz. Wee 

3. Set 51 deg. 30 m. the Latitude of the Place, from O to a, 
and from N to h: Then a Ruler laid from W to a, will croſs the 
Aeridian in P, the Pole of the World : And laid from W to 5, 
it will croſs the Meridian in , the point through which the 
Egquinoctial Circle is to paſs: And now you have two points W 
and E, through which the Æquinoctial Circle x E may be 
deſcribed (by the XXI Geometrical Problem, Lib. 1.) 

4. Through P, the Pole of the Vorld, and Q, the Pole of the 
Plam, draw the right Line PQ, for the Axis of the World, 
and Sub-filar Line of your. Dial - And in this Line N 
will the Center of the Aquino@ial Circle x Æ æ be foun Teh 
F. From P, the Pole of the World, lay a Ruler to , the in- 
terſection of the Merigiart and EquizoBial and it will cut the- 
PlainB ; At this point B, begin to divide the -Semicixcle HNO 
of the Plain, into 12 Equal Parts, at the points G © ©, Cc. 

6. From Q, (the Pole of the Plain) lay a Ruler to every of 
the points G © ©, Oc. and it will croſs the Ægninoctial Circle æ 
E, in the the Points % „, „ neee on, 

7- Lay a Ruler to P (the Fele of the Forld) and every of the 
points ** *, c. and it will cut the Nimitive Circle reprefenting 
the Dial Plain, in the points N, 9, 10, 11, ©. onthe We ſide, 
and N, 1, 2, 3, Cc, on the Eaft fide of the Meridiam. : 

8. Laſtly, Lines drawn from the Centre Q through theſe- 
points, ſhall be the true Hour-lines of an Erect Plain Declining from 
the Soutb-Eaftward 30 de. in the Latitude 51 de. 30 m. And now, 


Concerning the other Requiſites belonging to this ErefF Decli- 
img Plain, | . 

Theſe are all of them repreſented to the Eye in the Scheme of 

the Projection of the Plain: Wherein, by the interſection of the 22 
ral Cireles there is conſtituted a Rigbt- angle Spherical Triangle Z T P, 

in Which, | LY 
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* 


: f = the Plain's difference of Longitude. 


* 22 285 "Har AL. 4 
Z T is the diFance of the Sub: Hils from the Meridian. - 
he fit 


2 P the Complement of the Latitude of the Place. 
P the height of the Pole above the Nam. \ 


Z T, the Complement of the Plain Diete * 


TP, is a Right Angle. 


And all theſe Sides and Avgles may be maand n u en tho Proje- 
ion it ſelf, by the, Precepts deliver d in the firſt Book, Sect. I. 
of Spherical 4 5 ry Geometrically performed by Proje8ion And 
9 will be found to be as here expreſſed, Viz, 


de. de. mn. 
21—2 e P Z T——60---00 

Side Z P—38----30>Angle 2 P'T——36---25 
. a OE 90 oo 


And now I ſhall ſhew how all theſe may be found 
By Trigonometrical Calculation. . 

Before any Ere& Declining Dial can be made, there are Three 
things 28 muſt be f beſides the Howr-diflances, and thoſe 


I. The . of the Pole (or Stile) above the Han. 
2. The di of the Subſtile from the Meridian. 2 
Fa The Plains difference of Longitude. 
All which may be found in the Triangle Z TP: In which there 
is given (belides't the Right Angle at T,) 
10 The Avgle T Z P, the Complement of the Plain: Declination, 
. . .60 deg. 
(2.) The Side Z P, the Complement of the Latitude of the 
Place 38 de. 30 m. | 
By which may be found, 


I. The Side TP: The Height of the Pole, or Stile, above the Plain: 
By CASE I. of R. A.S. T7. 
As the Radius, S. 90 deg. 
7 Is to the Side Z P, 38 d. 30 m. the Co-Latitude. 
So is the Sine of T Z P: the Co- declination 60 de. 
To the Sine of T P, 32 deg. 26 m. 
Which is the beight of the-Pole (or Stile) above the Plain. 


I. The 


Are 


Of: Dialling. . 


I. TheSide 2 T. This Be of the: * from the Aridi: 
CASE Ii of R. S. T. 
| 5 e Radius Sine 90 de. 
Is to the Tangent of Z P, the Co- Latitude 38: d. 7 m. 
So is the Co- ſine of T ZP, 30 deg. 
Io the Tangent of Z T, 21 de. 40 m. 
Which is the Diſtance of the Sub-flile from the Meridian. 


II. The Age Z P T, The Plains. erence 0 itud: : B 
Qlaſe III. of R. 4. §. T. a 4 th 4 
As the Radius, 
Is to the Tangent of the Declination T Z P, 60 ks, 
So is the Co- ſine of Z P, the Co-Latit. 51 de. 30 m. 
To the Co- Tangent of T P 0 35 de. 25 m. 
Which is the Plains difference of Longitude. . 


Theſe three Requiſites being thus found by l! 
Calculation; The Plain's Difference of Longitude 36 de. 25 m. 
falling between 30 and 45 deg. (which are the Second and Third 
—_ Hour-diftances) there. will be contained therein two 
3 Hours, and 6 deg. 25 m. over: which ſhews that the 
Su 
IX and X in the Morning (in this Eaſt Dial) but between the 
| — — 5 and III in the Afternoon if the Plain had Declined. 
Weſtwar 


ilar Line of the Dial will fall between the Hour-Lines of 


28 I: 


Eg. 
LVL 


Having proceeded thus far, Prepare a Table of Hours fit for 


the Plain, ſuch as is here done. 
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mR. Fr hen agaifft XII, ſet the Plain': 
HEH 101 — n "Difference of Longitude 36 de. 25 min. 

4 8 East or Weſt (in the ſecond Colu and from it 

123 ** "the Latitude of ſubſtract 15 deg. and there will re- 
f 2 2 * main 21 d. 25 m. Which ſet againſt 

13 $ XI. and I: And from 21d: 25 m. fab- 

| 4. m. ſtract 15 de. and there will remain 

tiles height 32. 36] 6 d. 25 m. which ſet againſt X and 


iſtance of the? + | II. And ( becauſe it is leſs than 15 
Sub-ftile and - 21. 40] de.) write the Word Sub-ſtile over it 
Meridian. and ſubſtract it from 15 deg. and 


ifference of Long. 36. 25] there will remain 8 deg. 35 m. 
which write over Sub- ſtile, and a- 
Equi- (Tr gainſt the Hours of IX and III. Then 
nodtia to theſe 8 d. 25 m. add 15 deg. and 
and it makes 22 de. 35 m. which ſet 
inſt VIII and IV! And thus, by 
the continual Addition of 15 deg, 
you ſhall have ſuch Aquinoial Di- 
flances as in the Table: Which Ta- 
ble, thus prepared, the next thing 
will be | 
To find the true Howr-diflances u 
on the Plain, from the Sub. tile. 
For which; This 1s 


Hour 
Diſtan- 


+ he. The C Calculation. | 
5 e Canon for Ca on. 
1 — As the Radius | 


To the Sine of the Stzles height 32 d. 
1 36 m. 5 
| So is the Tangent of the Aquino- 
tial Diſtance 6 d 25 m. Tos 122 


To the Tangent of 3 deg. 28 min. Which is the Diſfance of 
the Hour-lines of X and II. upon the Plain from the Sub-ſtile. 
And fo will the Tangent of the next Lquinoctial Diſtance 21 d. 
25 m. be, to the Tangent of 11 de. 56 min. for the Diſtance of 
the How-lines of XI and I, from the Sub- ſtile: And fo for all the 
reſt,” as in the Table. And ſo you will find them to be in the 


Figure alſo. | 
Fig. „And in the making of this Dial, you have made four; as in 


Lyn. F. EVIL 


For, 


| th | 7 
of Dialling. n 5 
For, if you hold the Paper upon which the Sonth-Eaſ dec lining 


Dial is drawn, e tþe Light, then ſhall you diſcover the Stile 
* 


to ſtand on the Kight-hand of the Plain; whereas it now ſtands on 
the Leſt- band; ſo the ſame Honr-lines, Sub-ftile, Stile and all, be- 
ing drawn on the back-fide of the Paper, and thoſe that are the 
orenom-bours in the Eaft-declmer numbred as the Afternao-honrs 
in the Ne. decliner; thiat is, call 11, 1, and 10, 2, and 9, 3, cc. 
as in the Tables; ſo ſhall the Sont h- Dial declining Eaft 39 degrees, 
become a Sout H. Dial declining {#eftward-70 degrees. 5 
And if you turn the Sauth-Zaft-Dyal upſide-down, ſo that the 


Stile may point upwards towards the North. Pole, (and leave out 


the Hours about 12, as 9, 10, 11, and 1, 2, and 3, which in 
North Dials repreſent 9, 10, and 11 at Night, and 1, 2, and 3 
in the Morning; all which time (in thoſe middle Latitudes) the 
Sm is under tſie Hos ixon) it will become a North-Dial declining 
Eaftward 30 degrees. 54-57% 
Alſo if you turn the Sonth declining V- Dial upſide-down, 


and leave out the hours about Midnight, as 9, 10, II, 12, 7 2,” 
30 


and 3, it will then become a North-Dial declining Weftwar 


degrees. - - . 
"Now for ſuch South or North Dials as do. decline far towards 

Eaft or Weft, as 60, 70, 80, or 85 degrees, there you ſhall find 

that the Hour-diſtances will fallſo near together, that they will 


be of no competent diſtance one from another, except they be ex- 


tended very far from the Centre; and therefore the old way hath 


been (in ſuch Caſes) to draw the Dial upon the Floor of a 


Room, extending the Sub- file, Stile and Honr- lines till they appear 
of a competent diſtance from aach other, and then according to 
the bi of your Dial plain, to cut off the Hour- Ines, Stile and 
S i and fo transfer them from the Floor to the Plan upon 
which the Dial is to be made: but this way being to Mechanical 
for an Artiſt to exerciſe, I ſhall therefore here inſert a more arti- 
ficial way of performing this work Geometrically, by which (al- 
though the Dial ſhould decline 80 or 88 degrees) upon a quarter 
of a ſheet of Paper you may draw your Dial, and have the 


Stile oF a competent height, and all the Hour-lines at a conveni- 


ent diſtance one from another. And ſo let this ſuffice to be ſaid 
in this place concerning Upright declinimg Dials; for I intend not 
here to teach the Art of Dial, but ſhew the Uſe of the Globes © 
and from thence to Calculate the Requiſizes __ them Trigono- 


metrically. -- 2 855 : 
| | Cc CHAP. 
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. fach Ere South or North” Dial Plains, bia 
decline many degrees towards the Eaſt and Weſt. 


L By the, Globe. 7 


175 W Opt the Globe is altogether the fime, as in 
. 1 Chapter, and therefore need not be here again re- 
peated- Wherefore, Iwill proceed to + 

+ II. The Trigonometrical: Calculation. 

1 This Work alf isto be performed in like manner as the For- 
| mer: And therefore I hall not again repeat It, but give an Em 
Ne ready wrought. 

an Beck Plain in the Latitude of London, er de. 30 | 
- m. ſheuld decline from the South towards the Eaft 85. 


: I For fallag the Requiſite, if you work according to thoſe Ca- 
n * Colculatzon, in the laſt _— delivered ; you will: 


of the Sub-/file and Meridian 
n Difference of Tongitude 


Theſe Requifites. thus N you 
roy pron” to the making of a T- 
ble for the Honr-diftances inall reſpects, 
as in the laſt Chapter: By ſetting 
don the Honrs proper for the Dia! 
in order, as in this Tab. 

Then, againſt; XII, ſet the Die- 
rene of Eongitade, 86 d. o m. from 
which gubſtract 15 deg. and there 
will remain 71 d. og m. which ſet 
againſt XI and L. And from 7I d. g. 
m. ſubſtract 15 de. the remainder will 
ede 56 d. o m. which fer againſt X 
. And ſo by the continual Sub- 
| | A action. 


e 55 - 06 
4 to 


bs 


y N 


the Hours of VII 
file : And then, ſubtract 171 d. 05, m. from 15 de. there will re- 
main 3 de. 55 m. 2 muſt be ſet under the Sub. file, againſt 
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vaio of 15 deg r Ir de. o5 m. to Rand againſt Eq. 
8 under which wriſe The place of the Sub- LVIII. 


+. 


the Hour of VI: And then, by the continual 2 of 


15 deg. thereto; you ſhall have ſuch AEquino#iol diftantes as are 


expreſſed in the Table, againſt the Hours of V and VII, and IV 


and VIII. Then 
II. For the Five Hour diſkences upon the Plain If you work b 


the Canon delivered in this {aft Cha pter, you will find them to 
ſuch as are exhibited in the Third Colin of this Table. 


__ this Table, you ſee that-the Five How Diſtances upon the. 


bent the & /tile (and indeed all the reſt, except the extreme 
Hom of XII) do fall fo near together, that without a ver ry large 
extention of them from the Centre, there will be no competent di- 
— between Hour- ne and Honr- line: Wherefore, laying aſide 


8 pfocged to make your Dial Geometrical, 3 


following Precepts. 


III. The Geometrical Nrojettion, of this (or the like) Dial: when : 


the Pole hath but ſmall Elevation above the Plain. 


I. Draw a Right Line A B, dicular by one ſide of) 
Haie and ds the Rig 10 Ea berni becauſe the Plain deelleh 


Eaſtward, And with. 60 oY of a Scale of Chords, defcribe an 
| obſcure Arch of a Cirele C E; and u n e 38 de. 23 m. 
the Sub. tiles diſtance from the | Meridian, om: to 


the Line A D, for the Sub-file 
2. Take 3 ©: 6 m. the Stiles height ; and ſet them from D 
e 


to E, drawing the Line A E for the Stile of the Dial. 


3. Now (becauſe the Stile is but of ſmall Elæuation, viz. but 35 


de. 6 m.) draw another Line G H, parallel to the Line of che 

Stile A E, at ſuch convenient diftance as in 7. judgment will 
fit the Dial Plain, ſo that the Hours be ng to it, may 

e within the Limits of the Plain : So ſhall that Line G FH, 

ſo drawn, be the Augmented Stile of the Dial. 

5 And, by the Sub. ile, and this Augmented Stile, the Honr- 
» Lines may be deſcribed (at convenient diſtance) without 

any regard had to the Centre of the Dial. For, 
4. Aſſume any two points in the Sub-ftilar Line of the Dial AD 


at ſome convenient nce from each other, as R and 8: 5 | 


3 thoſe two points, draw two infinite Right lines, boys | 


Cece 


D, and draw 


pn 
„ ras 7 ; = 
"ii ; 0 
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— bo 


4. 

* 
4 g 1 
T 


6 pj ae - Makes” ? 
© Fig. © IT.” Tins: 
Z an We 
794 * F. Set one foot of. your Compaſſes in the Point R; and take 
| LVIII the neareſt diſtance to 3 Augmented Stile G.Hes and ſet that 
diſtance the ub ti lar Lane. from. RN Also from 
the Point 8, take the neareſt diſtance to-the Augmented. Stile G H, 
and ſet that diſtance alſo upon the Sub-filay Line, from'S to I.. 
6. Upon theſe two Points K and L, (with 66 de. 'of a Scale 
of Chords) N Semi- Circles: and in either ofthem ſt off 
864; 05 m. (the Plains Difference. of Longitude) Hm R to M; 
and from 8 t M, both of them on lame ſde af the Sub-filar 
Dye, on which. the firſt Perpendicular A B was draw-m 
7 6B 7. Divide either o the Semitircle into 12-equal 7785 8 | 
ningat the. poinroM) at the ſeveral points © © © 
7 a Ruler to a hoe L, and to the ſeveral po 
0 6 ©. De the Ruler will croſs: the Line XS X, in the 4/30 
„ 8. — Alſo, Lay a Ruler to K, and t reſpective Points 
9, ec. the Ruler will crofs the Line Z, inthe ſeveral 
Points v** &c, © 
Laſtly, Lines drawn from-the ſeveral Points * * * in the Line - 
Z R its Gore? rep —_— oints in the other Line X S X each 
dere, ee . Sub. i lar Line 8 i you) 
| | 1 b true Hour Li oper for the 
3 . 10 ogra * at 2 eee . a one 5 * other, 
2ñ s by the Fur do appear; the whereof will be more 
1 133 Bike thannh « y Words. 
Note, that in the making of this Dial, you wavy. made four | 


Dials, viz. 


oh muſt; Ny" ac place dus the oy | 
2 7 0 8 e of the Line AB for 2 South . Dec lubg 
2 And by turning the Dial upfide downwards -. for the 
North-decliners, ſo that the Stile may point upwards to the North 
Pole; and the | Hours about Midnight Des; As in. the laſt 
Aer Auected "= . 


5 GHAP. | 


» —— — 


: 


—. 


— — 


EE 2 3 


„„ IEEE „ „ „ „ „ „* CL I „„ „„ „4 „„ 


VINXNNM I I 


- 
8 
” 


Fg. LVIII. 


Againf/t Hag. 286, p 


— — 


Plate XX . From Fag. 277.10 Pag. 266. 
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CHAP. X. 


of Direct South and Nort . Plains, ew bow 
Hour-Lines may 1 deſcribed upon them. | | 


' * 
» * 
4 
4 7 


8 


8 UCH Plain as do directly behold the d North > point of tha 


H rixon, but do Recline (or il >, IPs fromthe Zenith towards 


the J Jh Dare called ng I Dir Plains Reclining : So ma- 


ny Dgrees as the. Nec linat ion is: And of ſuch Plains there are 

| 9 Farieties; Three of South, and Three of North Recliners : All 
which may be Reduced to New Latitudes, wherein the will be- 

come Horizontal Plains : And conſequently Dials (or Lines) 

may be deſcribed upon them both by the Globe, Spherical Pro- 

je&:on,* and Trigonometrical Calculation, according to the Precepts | 1 

delivered i in the Fourth Chapter he reo 4 


; I. Of South Recliners. 12 8 | = 
Examples of all theſe Varieties of Reclining Plains, in the La- - 9 
tien of London, 51 deg. 30 m. To find the "New. Lai. 


tudes. 
I. Variety. Let there be a Direct South Plain in the Latitude of 


London, which eclavos from the Zenith thereof 20,deg. In 
what Latitude Mil that be an Horizontal Plain ? 

The Plains Reclination @20 deg. being leſs then 38 de. 30 m. 
the Complement of the Latitude of London; Subſtract 20 deg. from 
28 d. 30 m. the Remainder (or difference) 18 de, 30 m. is the. 
New-Latituds, So that an Horizontal Dial made for that Lati- 0 
tude, ſhall be a South Recliner 20 deg. in the. Latitude of Lan- | «4 


don. 


II. - 4 South Plain in the Latitude of 51 deg . 
zo m. Id Recline 60 deg, from the Zenith ther 3 
In what Latitude will that be an Horizontal Plain? 
The Reclination of the Plain 60 deg. being Greater than 38 deg. . 
30 m. the Complement of the Latitude of London, Subſtrack 38 de. 
20 m. from 6 deg. and the Remainder. 21 deg. 30 m. is the 


- Aw Latitude And an Horizontal Dial made for the Latitude of 
21 


” 
F 
"_ 

» V 

WP: 

A 
* . 


Q 8 4 a — 3 x _ - =_ 
= 
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ae Mathendtin. © 
21 de. 30 m. ſhall. ſerve for a South Dial Reclining 60 deg. in 


III the Latitude of London. 


III. Variety. If a. South Plain in the Latitude of London © 

ſhould Recline from the Zenith thereof 38 d. 30 m. Equal 
to the Complement of the Latitude of London, Then 

The Difference between the Complement of the Latitude of London 


and the Reclination being nothing; it ſhews, the New-Latitude to 


*beno Latitude, that is neither Pole hath any Elevation above ſuch 


.a Plam : And therefore a Dial for ſuch a Flain muſt be made in 


all reſpects as an Erett Dire# Eaft or Weſt Dial is made, by the 


. "Precepts in Chapter VII. hereof : Only, the Hour-Line of VI there, 


muſt be the Hour- Line of XII in this: And as the Stile there was 
equal to the diſtance between Six and Three or Nie a Clock. 80 


in this, it muſt be equal to the diſtance between XII and IX or 


III. And EDIT Inn of that breadth , or a Wyre or Pin 


of that Lengt 


* 


- 


. II. Of North Redliners 3 
I. Variety. If a North Hlain in the Latitude of 51 de. 30 
ſhould Recline from the Zenith 20 deg. In what Latitu 
will that be an Horizontal Plain ? * 
of the Lati- 


The Reclination'20 deg; being leſs than the C 


tude of London, 38 de. 30 m. Add the Rec liuation 20 de. and the Co- 
Tatitude 38 deg. 30 m. together; their Sum 58 deg 30 m. is The 


.New Latitude: And an Horizontal Dial for that Latitude ſhall 


be a North Plain Reclining 20 deg. inthe Lggitude of 51de. 30 m. 


II. Variety. If a. North-Plain in the Latitude of London! 51 deg. 
30 m. ſhould Recline from the Zenith 75 deg. In what 


mY A — Latitude will ſuch a Plain be Horizontal © © 


The-Reclination 75 deg. being greater than 38 deg. 30 m. Add 
them together, and they make 113 deg. 20 min. which being 
above 90 deg. take the Complement thereof to 180 deg. whic 
is 66 deg. 30 m. And that is the New-Latituds : So that an Hori- 
xontal Dial made for the Latitude of 66 de. 30 m. will bea North 
[Plain Reclining 75 deg. in the Latitude of London 51 deg. 30 m. 

' ? = 4 | 


III. Variety. If a North Hain in the Latitude of Landen 51 
de. 30 m. ſhould Recline from the Zenith thereof 51 de. 
* 211 4 ” 1 Ne * ia ' LEE 30 
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"IN # 8 In what nde will ſuch a Plain be Horizon- . 
Here, the Rechnation 51 de. 30 m. is Equal tothe Latitude of 
Fonn; And the Sim of the Reclination 51 de. 30 m. and the 
Complement of the Latitude 38 de. 30 ni. Added together, their 
Sum is 90 deg. for The New-Latitude : And an Horizontal Diat + 
made for that Latitude of 90 deg. (which is no other then a Cir- 
ele divided into 24 Equal Parts, for the Hours; and a Ve erect. 
ed perpendicularly, of any Length for the Stile.) 
Theſe are all the Va ice of South and North Reclinmg Plains, 

Reduced to New Latitudes, wherein they will become Hori-- 

zontal Plains : So that neither Bee Calculation, 
Gecmetrical Projedion, or Operation. by the Globe, need be 
here Repeated, they being all the ſame as in the IVth Chap-- 

ter hereof. ® 

Note alſo : That in making of any of theſeẽ North or 

Sonth Reclining Dials, you have made alſo A Dire& North 

or South Dial inclining from the KN towards the Horizon 


ſo many Degrees as is he clination. So that when 


you have made à Sonth- Dial Reclining from the Zenith 60 
3 (as is the Second Nuriety of South in this Chap- 
ter) you have mads alſo a "North Dial iuclinim to "the 
rixon 60 degrees, either by drawing of the — 
and Ste through the Centre; or by turning the Nec hing 
Dial about upon the Hony-line of VI. And then, as the 
North Pole is elevated upon the South Recliner ſo much 

will . g. Synth Pole be e evated above the North Incli- 
. C. , - 


d 
is _— 1 3 " 
— 


C H A P. XI. 


F Direct Eaſt or Weſt Reclining Dials, and hom Hour- 
lines ray be deſcribed upon them. | 


A S all Direct North and. Sonth Nac lig Dial Plains were Re- - 
duced to New-Latitudss whevein they would be  Hor:zomtal - 


and therefore made by the Directms given in e 
TY IV. hereaf': So all Ded Eaſt or Wiſh i „ Co 
12788" 5 
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9 
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_ © *- Ancilla Mathematica. © 
Fig. Plains in any one Latitude, may be Reduced to. Era, or Upright, 
I. Declining Plains in another Latitude : and therefore f Ee 


by the Precepts delivered in the VIIIch. C H A P. hereof. Either, - 
| the Globe; By Spherical Projection; or, By -Trigonomotrical 
F N So that the Work of this CH A F. ſhall be only 
ro her A | | 
I. Ho to Reduce any Direct Eaſt or Weſt Reclimng Dial Plain 
in any Latitude, (ſuppoſe London 51 de. 30 m.) to a 
| New-Latitude : wherein the Reclining Plain ſhall become 
1 an Ere@ (or Upright) Plain. And N 
II. What Declinatiom, that Upright Plain ſhall have in that 


. AL | 
ſe then, that a Direct Hof or Weſt Plain, in the Latitude 
«ot 51 de. 304m. ſhould Recline from the Zenith 40 deg. 
In what Latitude will that be an Upright Plain ? And what 
Declmation ſhall it have in that Latitude? 


| Ps SDL E.:- 45 75 
2 The Complement of the krown Latitude, is (always) The New- 
* Latitude. And _—_ - 2 | | 
| The Complement of the Reclination is (always) The Declination | 
in that New-Latitude, | | 
_ "So that if an Eaſt or Weft Dial, ſhould Recline 40 deg in the 
Latitude of 51 d. 30 m. That will be 4h Upright Plain, Dec lining 
Fo deg. in the Latitude of 38 de. 20 m | 8 
For, 38 de. 30 m. my the Complement of the Latitude of 
London 51 d. 30 m. is the Nen- Latitude: And 50 deg. being 
- the lement of 40 de. the Plains Reclination, is the Declination 
in Lind, — | 
So that, if (according to the Precepts delivered in the MIIth.- 
CH A P. hereof) you make an'Upright Dial for the Latitude 
of 38. de. 30 min. to Declme 50 deg. Such a Dial will ſerve 
for an Eaft or Fe/t-Dial Reclinim 40-de. in the Latitude of (Low 
don) 51 de. 30m  - | | 
Thus for the Mali of the Dial. | 
But in the placi of the Dial (thus made) upon the Reclining 
Plain, this Difference is to be obſerved: For, Whereas in all Up- 
right Declming Plains, the Meridian, or-Hour-lme of XII is alway! 
Perpendicular to the Horizon of the Place for which it F 


. 
- 

= 
* o 

* * . - 7 * oF 

- 1 - 
= — © 
: * 
7 
- 0 ” 
* 
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But 


W 1 


| "of Diab. 
But chis Declining b. blaß when it is applyed to tho Reclining Nun, 
the Hour. line of XII. muſt lie Parallel to 45 Horizon of 1 Place, 


as in the Figure. , 
And here Note, that all Eaf Rechners in the known Lats- 


tude (as here London Jare-Nortb-Eaft Decliners in the N- 


Latitude : And all W: Peft-Realmeys, are North-We Decl. 
ners. 

And Note farther , That upon all Zaft and Weſt Reclining 
Plains in North-L atitudes, that the North Pole is (always) 
Elevated : And upon the Eaft and Weſt inclining Plazms, 

lite to them, The Saut h Pole is Elevated. 
and y, Note that when you have made an Eaft or 1 
Reclinim Dial, you have made Four, viz. An EA and 
W: 155 Reclining, and, An we and W:# Liclining, 


CHAP. NI | 
be Dial Plains that do both Decline and Recline: How 
Hour-Lines, Ge. are to be deſcribed on them. 


HESE Digs may alſo be Reduced to Nas-Latitudes: and 
New Declmations, where they may ſtand as Upright Decli- 


vox 


Fig. - - 
LE. 


ners And ſo Dials may be deſcribed — them, by the Directions 


in the VIIIth. CH AP. hereof: And to find the Mu- Latitude 
aud New Declination of any ſuch Plain, The Rules following will 


direct. 
EXAMPLE. 5 
Suppoſe that in the Latitude of London, 51 d. 20 Win 4 
uth Plain ſhould Decline towards the Eaft or N eft 24 deg) 
20 min. And alſo Recline from the Zenith 54 deg 


I. To find the New-Latitude_ 


The Canon for Calculation. 
As the Radicn Sine 90 de. | 10 | 
Is to the Co-ſine of the Old Decl, 24 de 20 m. _ 9. 959596 


_ 


So is the Co-Tangent of the Recliation F4 d. 12 861261 
| "To a Fourth Tangent, vix. 33 de. 3 19.820857 
This Fourth Tagen being thus Rand: we dale following 


Aare tobe — 
. I. In 


Wn. RULE 1. This Wirth Tagen malt be-compared with e 


Old Latitude, and the Complement of their Difference is the 
NEW LATITUDE. | 


Se, Inc Example; The Fourth 4rch 33 de. 30 m. being fub- 
ſtrated from the Old Latitude 5 1 de. 30 m. their difference 


33 18 d . 72 deg. is tlie EN L A. 
TIT: DE Ft 


RULE I If the Roprth Tangent fall out to be SE the 
Old Latitude, Fhen the Difference will be nothing; And 
D ſio the Ham will be a Polar declining Plain .. Eor the Pole- 
will have no Elevation over it. 


So, in the Latitude of 51 de. 30 m. If a South Plain ſhould. 
Decline towards the Zaft or Wet 65 deg. 40 m. And Recline 18 
de. 9 m. By the former Canon, the Honrth. Tangent will be found 
| 51 de. 0 m. Equal to the Ola Eatitude : So that the Difference is 
_- Nothi And the Hour-Lines will be Barall one to another as 
== in the direct Eaſt, Vat, and Dials, in CHAR. VII. 
1 | and CHAP, X. 


e ber Path Tp prov to- be Greater than- 
| the Old Latitude, Then, The North Pole is Elevated in 


- "South Decliners : But if the Fourth Tangent be Leſſer than, 


3 de Old Latitude, Then, The nth Bl is Elevated in 
North Decliners. | 


4 u. in Mach Recliners. | 
RULE TL. The Forth Tangent found as before, is to be 
compared with the Complement of the Old Latitude, and 
their Difference is the YEW LATITUDE. 


R U TL E II. If the Fourth Tangent prove to be Equal to the 

+ - Complement of the Old Latitude: that 23 Reclining : 

. Plain will be an Aguinoctial Plain De 

So, In the Latitude of 51-de. 30 m. If a Plain hould Pe 
from the North towards the Eaft or NV so deg. And alſo- Ne- 
eline from the Zenith 32 deg. II m. The Fourth Tangent will be 
tound to be 38 de. 30 m. Egual to the Complement of the Ol! 
Latitude: * ä Declining Plain. 


II. To, 


| "op bun 
IL To find thet Meeren 


The Canon for Calculation. I 
* hi e Radi Sine 9o d. bee 
To the Co. fine of the Reclination 54d 9.769218 
So is the Sine of the Old Declination, 24 d. 20 m. 9. 614944 
To the Sine of 41 de. oi min. 19.384162 


i e. 1 is the NEN DECT T 


And now, if. according the Precepts delivered in the VIIIth. 
C H A P. hereof ) you, do make an Upright South Dial Declin- 
ing 14 deg, 1 m. in che Latitude of 72 deg. That Dial ſhall 
ſerve for A Sonth Plain, in the Land of 51 de 30 m. Declining 
24 deg. 20 m. and Recliming 54 deg, 
= 121 en 95 you 1 find RY. 
tes t eunto, . - . 
to be as the Table in the Alg. Nen. Declination"14..0 
And thus much for the Making of Stiles heigth 17. 20 
the Diab according to its Mu La- iſt. Sub. c Merid. 4:11 
titude, and New Declination. Difference of Long. 13. 
| But to apply this Dial to the R. franeonrtrbengnn 
clining. Plain in the Old Latitude Fe 
are not to — — ailvr — ved 17 
F n as in iy m - IV 
prigbt Plains, but it muſt make an 4 III 39 17; 
Sole with the Horizontal Line of *Þ* q 
the Reclining Plain: And therefore 
- COT nn of that Swag muſt be 
firſt foun 


III. To find the EP made K 
tween the Meridian and the 


Horizon. 
The Canon for Calculation. 
As the Radius, Sine 90 d. 10. 
Is to the Sine of the Reclination 54 "oO 1 655347 
So is the Tangent of the Old — 24 d. 20 m. 9.907957 


To the Tangent of 20 deg. 6 m. 79.562304 
| Ddd-2 Whoſe 


Ms, *F 


294% eile Mathematica. © Fe. 
woe Complement 69-deg, 54 min. is the Angle that the Me- 

e 2 Een of XUE muſt make wy the Hor - 

1 rontal Line of the Reclining Flain. Thus for the Quantity 

3 of the Ale. But 8 TALE: $4. 7 Fa 

N. To know which way (or to what Coaft ) the Meridi- 

an Zire, Aſcending or Deſcending Above or under the Horizow- 

tal Line of the Hain, is to be drawn. N e's 


- 
* — 5 1 


GENERAL-RULES. 


<4 dF Above / That End of the No- 
© CExfs than Equino-\ & \rizontal Line, which 
&al, the Meridian | lies contrary to the- 
| muſt be drawn | Coaſt of the Plain's. 
Belqy (Declination. 


2 


% . 


a WP 1 
F, e Below / That End of the Hori-- 
7. 1 MorethanEquino- zontal Line , which: 
I Sial, the Meridi lies the ſame way with 
L!muſt be drawn theCoalt of thePlain's. 
2 5 Above Declination.. . 
t ** 


1 


N Of Dialling. * 
F Above That End of the Hori- 
28 I I antal Lht, that looks 
| . |. - | the fame way with the 
. Lefa than a Polar Coaſt of the Plain's 
the Meridian muſt > - Declination- And this 
roger [wt drawn, 


be drawn. 
N 4 5 in North Recliners, re- 
. . preſents 12 at Mid- 
2 r 4 Below right. | | 


" NorthRe- | Equal to'a Polar, the Meridian muſt be drawn. 
cliners | below the Horizontal Line, at that end which 


In = is contrary to the Coaft of Declhrationr : And 4 
Lonth In- the Six a Clock How-line; is (always) the Sub» 4 
'- = 1 Below {And fromthatEndof 
: ' - |-the Horizontal Lim, 
4 1 [ . {| which hes contrary to- 
More than a Polar, Ame Coaſt of the Plain 
the Meridian muſt'> - 4 Declmation —— And, 
be drawn. in South brcliners;' is« 
= Te: _ _ only! ſerviceable to- 
N II help to draw the reſt 
4 Je lehnt. 
V. How the Dial (being made according to-the New Latitude > 
and New Declmation) is to be transferred from the Paper: __— 


Diraugbt, upon the Reclining or Inclening Plain. wr -cl-5 
nn Horixontal Line upon your Dial Plain, in- 
the moſt convenient part thereof, and made choice of a Point 
therein for the Centre of your Dial; apply the Centre of your” 
Paper\ Draught to this Centre, moving the © Paper Draught about 
till the Meridian Eine thereof do make an Ane with the-Horizontal* 
Line drawn upon the Plain, equal to what you tound it to be by 
k the Third Section of thisC HAP. And to its Proper Coaft, as you: 
found it by the Fourth Sectio: Then (if you have not erred in | 
any of your former workings) will the Stib of your, FE. 4 
» Drarght (or rather a pattern of it cut iu Paſ>board) being placed 4A 
2 the Sub. ile of the Paper Drago, have direct ref ect to the 
levated. Ee. And thus due reſpect being had to _— 0 — 


\ 


— 


. 3 - 5 
delivered, you N eaſy tranfer the, ie and nr rot of th 


: FH lines to the Putting thereon ſo many asthe Plain is 
| ihr a 
as are ſu | ” 


oo . 
„ 


0 4 0 
—— —_— <li 


CHAP. XIII. 


| Of the Inſcription of other Great and Small Circles Stk 
Bro; "Sphere ge of ors of Dial Plains. ; 


N. the foregoin Chapters i is FUSS; how. the*AMeridians (or 
1 Zowr-Circles)) of the Sphere may be deſcribed upon all ſorts 
of Plan 1 caes howſoever ſi _ And as thoſe 2 * Circles 
were ey ſo may all other Circles of the Sphere be alſo 
And the 1 how, have largely treated of in 
my my particular Treaties of Dialling already extant : So that in 
this place I ſhall be but brief er. and yet ſufficiently Plain. 
And whereas the Hour of the Day on all SDialt is ſhewed by 
the whole Ai of the Stile; To.all other; Circles ſo deſcribed, are 
by one /ng/e point taken. in ſome convenient place of the 
aid Aris, from which Point a Perpendicular let fall to the Plain 
upon the Subeſfilar Line ſhall be called the Perpendicular Stile: 
And the paint upon the Plain, The Foot of the a, 
Stile , and the Point in the Axis (before aſſumed) the Gnodus or 
2 ex of the Stile. —— Now, for the performances of the Work 
allowing (beſides the Trigonometrical Calculation = Practitioner 
muſt be provided with 3 (or a Sector rather) which muſt 
have upon ＋ Scales of Sinet, or xy ; Secants, Chords, and equal 
parts: or if he have by him, ables of Natural Smes, Tangente, 
and Secarts, then a Line of equal parts only drawn from the 
Centre, will perform the work rather better than by the other 
| Scales. Being thus provided; The firft buſineſs: mult be of 


Ho to proportion the Perpendicular Stile| tothe Plain. 


If your Diel Plain be ſwall, conſider whether/it' be Dire@, or. 
De if Din the Sab Gil may be-placed- in the: Mill: 
Ir Deabg, more to the fide contrary nale of Baek. 
nation. - 
© The Sub- tile well made choice of, and the Papoulicaar 


\ 


it " "of Dung... 
Stile thereon Eredted: Make the Perpendicular. Stils the Radius 
(or 47 to the Tangent of 45 degrees) and make that part of 
the Sub-ftile which lies beyond the foot of the Stile and towards 
the Centre, equal to the Tangent Complement of the heighth of the 
Pole (or Stile) above the lain: and the other part of the Sub- 
file, below the Foot of the Stile, Equal to the Tangent Com- 


2977 


lement of the Meridian Altitude of the Sm, when he is in that 


Tropick which is Ws moſt remote from the Centre of the Dial. 
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C HAP. XV. 


Of the Inſeription of the Signs or- Parallels of the Suns 


A Sign is the Twelfth part of the the Ecliptick, and therefore- 
1 contains. 30 degrees, „ 
A Parallel, is. the Sms. Diurnal Motion Day by Day; and be- 
cauſe there are 47 deg. between the two 4 6 „ there. may be 
fo many Parallzls, that is, Circles, which the Sun deſcribeth every” 
24 Hours : and although there be 47 of theſe, yet in the Tati 
tude of 51 deg, 30. min. we account but mne, vix, thoſe which: 
are the Day from Sn to Sint, when it is 8, 9, 10, 11, 12, 13, 14, 
15, or 16 juſt hours long. . of theſe Parallel: oo: 
Ven is made the fame way; only due reſpe& muſt be had to the 
ntity of the Sm Declination: For (in all Direct Horizontals )\ 
the Perptndicular Stile being made Radius, the Tangent Complement - 
of the Sun's height, in any Nu or Parallel, at any hour of the 
Day, ſet off from the "Foot of the File, and extended to that 
Hour-live, gives a Mark upon the Hour-line, by which the Parallel” 


of that Duy ſhall paſs : So that this Work, repeated ſo often as 


the number of Parallels to be inſcribed; and the Hour- Ines re- 
quire; ſhall give reſpective Points „ ineach Hour, to draw: 
each Parallel by. | „ + 


Example. In the Latitude of 31 de. 32 m. the Sun being in the 
beginning (or entring) of Piſces ; The. Sims height above the 
_ Horizon at every Hour may be found (by CASE NX of O, A S. 
T) to be as followeth, vis 1 FRA 
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Now, the Perpendicular Stile being Radius, the Tangents of the 
Complements of the reſpective Altitides, as*82 deg. 59 m. the 

_ . Complement of 27 de. ol m. ſet from the foot of the Per. Stile, 

on the Hour- line of 12 (or Sub-file) ſhall give a point thereon, by 
which the Parallel of Piſces muſt paſs : And ſo, the 5 of 
64 de. 23 m. ſet from the foot of the Per. Stile, upon the Honr- lines 
of 11 and 1 a Clock, ſhall give you'two other points by which 
the ſaid Parallel ſhall paſs : And fo for all the. reſt of the Hour- 

. - Times, through which points found upon all the Hour-lines, a 

Line drawn by an even hand, ſhall be the Parallel required; for 
along 2 _ the Shadow of the Top of the Per. my (as it 
creepeth along) paſs, when t -Sun i dh A beginning ing of Piſces 
e bout the oth of F 353550 a . : 
And therefore, generally in Verticalt, as alſo in all Recliners; that 
is to fay, upon all Bains whatſoever : Draw an Horizontal Di- 
al proper to the Plain, and inſcribe the Sent or Parallels upon 
It, by ſetting off from the Foot of the per. Stile, the Tangent, 
Complements of the Smit beight at every hour in the beginning of 
every Sign above that Plain (taken as an Horizontal, the Foot of 
the per: Stile being ever Radius) and at the end of theſe Taygents ſo 
ſet off upon every reſpective Hour-line, will be a Point: By 
which Points, Lines draum with an even Hand, ſhall trace out 
upon the Dial Plain, the Parallels required. f 
Example. Suppoſe a Plain Decline 30 deg. and Recline 353 
- "deg. the height of the Pole above the Plain 19 deg. 25 min. 
And the Suns height at the Dung of Taurus to be at the 
* ſeveral Hours, as in this Table. . e 


De. M. M. 
1 . 0 | 38. 05) 2 * 
1 nn 116. 20 
= 0 2 60. 03 ä 1 CS © 8 
„ oe 1... >Complemintss © 
—_ 9 3 | 46. or | 43- 59 
j TV 7 175 1 ik: | a . 
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andi 1) ſet off from the Foot of the per. Stile (the faid Stil- being 


/ 
"Then, The Taogents of the Complements of theſe Hour-d fan. 
«ces (as 7 deg. 55 m. for 12; 16 deg. 30 m. for the Hours of 11 


e 


the Radius to thoſe Tangentt) to the obſcure Horizontal Hours, or 
12, 11, 10: and 3, 2, 3, c. give the true diftances between tlie 
Foot of the Stile Þ, and thoſe auxthary Hours, for the Parallel of 
Taurus; and ſo points for the deſcribing of other 'Parallels of De. 

_ clination : Having firſt 4 Trigonometrical Calcaf8ticn ) found the 
Horizontal Diſtances, and the Swr's Altitude at his entrance into 
thoſe Parallels of Signs or Declination, in ſuch Latitnde as you 
have need of. All which are taught how to do in the foregoing 
parts of this Book. | 


= : 1 


CHAP. XV. 


Of the Inſcription of the Vertical Circles 4 — ca HP 
Azimuths) upon all Dial Plains. 


** 


*. 


15 HES E are great Circles of the Spbere, whoſe Poles lie in 
the Horizon, and interſe& one another in the Zenith = 
Nadir Points of the Place wherein the Dial is to ſtand. | 

The whole Horizon being divided into 32 equal 

2 paſſing through thoſe Diviſions, are called Points or the 

ompaſs, and denominated * South, & by E, SSE, 
2 © Bur the better way of accounting them is by 10, 20, 30% 
Dc. Degrees from the Neri diam on either fide thereof. 

Firſt, in all Horizontal Dial; the Perpendicular Stile being 
choſen, "makin the Foot thereof the Centre; at any convenient 
diſtance, deſcribe a Circle; and account from the idian both 

Arches 5 to 10, 20, 30, Ec. Degrees : From which Di- 
vin * drawn to the Foot of the Stile aforeſaid, hall 
renralecr t wn: Azimuths upon that Dial. 

Secondly, Upon a Prime Vertical (or South) Dial. Through 
the Foot of the Per-file, draw a Right-Line Parallel to the Hori- 
ron; and making the ſaid Stile Radius; upon the Parallel Line, — 
= * . — yay, s from the Meridian Tangents of 10, 20, 30, _.. 2 
| = hich 'Diviſians, Right-lines, drawn, all at & 3 
| . Ages he Paraltl Line, ſhall be the * ee” whe. 


Eee * - ' Thirdly, , 
„ | . | 4 . 


To 9 Y 3 a * Nr 1 S 8 1 
By +. IX rf SE OS; 
_- * » . * 
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Wr, 
Thirdly, Upon any Declining Vertical, the ſame being done; 
ſhall 9 the Aximuths of 10, 20, 30, E7c: | 1 


$4 Meridian of the Plam ;- or from the Meridian of the Place, juſt al- 


 Towance being made for the Diff erence of Meridians. 
Fourthly, In South. Declining Raclinim Plains, the Per. Stile being, 
_ choſen, and made the Radius, the Tangent Complement of the Re- 
-. clination,. applyed from the Foot of the Per. Stile to the Meridian 
of the Place, thall determine the Zenith of the Place: through. 
which, and the. Foot of the Stile, (that is the Zenith of the 11 
a right Line draun, ſhall be a Perpendicular to the Horizontal. 
Tine, and ſhall concur with the Æquator in the Hour-line of 6 + 
and therefore, if from the Foot of the Stile upon the ſaid Perpen-- 
dicular, towards the North (for the former application was made 
towards the South) be ſet off the Tangent of the Reclination, a 
Line drawn from the end'therepf, at Right Augles with it, ſhall 
be the Horizontal Line: Upon which, the Taygentsof 10, 20, 30, c. 
(the Secant of the Rechnation being now made Radius) ſet from 
the ſaid Right Angle ; Lines drawn from them to the Zenith of the 
- Place, ſhall be the Aæimuths. . 
Fifthly, The Diftance between the Neridiams being known 
upon the Horizontal Line; the Azimiths which were accounted. 
from the Meridian of the Plain, may be fitted for the account 
from the Meridian of the Place, with eaſe.——ForExampl, let 
that diſtance be the Tawart of 20 deg, Then that Azimuth which 
is 10, from the one; is 10 from the other alſo : And that which: 
is 30 on the ſame ſide of the Sub- ſtile, is 10 on the other ſide 
of the Meridjan of the Place: And the like method. ſerves for 


any diſtance. 


1 


* 1 FO 


5 Of the Inſcription of-Almieanters or Cireienef the Suns Als- 
titude vpoze Dial Plains. * | 


KT” ; * 


— R _ © tec * A * — 


15 FCC and may be called. 
I the Payalltls of Declination from the Horizon z they having. 


in all reſpeds, the ſame relation and habitude to the 4zimuths,. 
2s the Signs and Parallels of Dec huat ion have to the Meridians AY 


although theſe be counted by 15 dg. and thoſe uſually by 10. 


? 


| Aid gene in the deeipion ofthe Sw and bel ſo 


in theſe, 
Let an Horizontal Dial, proper to the Hain, be firſt (obſcurely) 


deſcribed ; * 82. as P _ hore! * that the points 
through which t 5 Wn: ar 8 Hour- 
line, may had by- 2p - 4 the Tagan of the 2 
orf the height of ours in thoſe Parallels, from the 
Foot of the m Stile, to the reſpective Hom-lines: erer here, 

making uſe of that Azimuth which is dicular to the Plain 


(which in all Plains is that which paſſeth through the Foot of the 


5 Stile) the reſt of the Aximuths being alſo inſcribed, the Tan- 
lements of the Sun's _ above the Plain, when he is 


30 : bo 


8 N b, applyed om de Foot of the Per. Stile to the 


ſaid Aimuth, gives a Fein, th th which that Circle or A. 


canter, upon that Azimuth muſt 


e e will have, whan he will | 


by any Azimuth, in any Parallel of Declination (or degra degree 


"Eclipt ic in 1 

8 abs 

Pa hy s Given, en. Two Sides, and the 
them to find the e third Side, (B CASE V. of O. 4 S. J.) 

Which thpd Side fo found, is the Complement of the Altitude which 
is in this caſe required; and muſt accordi ly be an 
Foot of the, Per. Stk unte the Azimaths, "I 


— — — —_ 
. 46 hd 


2 
char NV. 


te to n the Jewiſh, Babylon and Taſian Kurs, 
_ all Dial-Plams. © 


R the OI of theſe Ko upon 1 ON there 
needs no Trigonometrical Calculation : For the two Tropicks, 
the Aquater, and other Parallels of Declination bein already de- 


Tcribed (or ſuch of them as ſhall be needful) together with the 


Oblique Augled Spberical Triangle, wlicns- 


te to one of 


common Hour - nes proper for the Plain, Points through which 
theſe Hour · kues may pals, may be found by theſe following * 


rections. 
The Babyltni/b Hours are accounted Equal Hours from Swi-rifing, 
and may be = upon any Fla, by help of thoſe l 


Eee 2 ra 
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* yy ak an 9 


FT 30 30 580 "Silla Mathemotice: | 
eau ok Declnation which ſhew the Longeff and Shorteft Day, o. 
=. * -- Tiling of whole 3 Hours: As with FENDER * | 
HF . - |. "nn — For, SR * * 
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LY 0 
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Js e 
To > 16 of Dedlination 2 
eee . And likewiſe in the 
: 5 fame order; through 6, 8 and 10, ſhall Ae ere How Nom: 
_—- Wren = - and inthe like Order all the reſt. 
1 In mer ben che Euullb f 8 Hows hall fail, the "other. 
mee. Points will ſerve to draw it by, becauſe tholb Hours are 
Ftreight Line. But after: the firſt Six Hows are inſcribed, the 
FP | . iq — alſo failing, ſome other Diarnal Arch, (as of 9 or- 
1 10 ours) muſt be Aelcribed to amet rt y that want. 
7. Ihe ſtalian Hours are acco 3, c. from Sum 142 2 
n e ef 8 4 16 


And bor ue Juſcriß om 
non . Yep Fora Line drawn through 


P 


Mur, with"the 


tem, in the Hours of 9, e e (obſerving the ſame 
as before) enen through 7, 5 and 3; 


I 2 ' ſhall beth "bor 2 The N ſight hours of 9," 10, Ce. ars the Moni-. 


"A Ig bours produced. 
; 3 The "Fab bows" ire teckoned like the ehe from: 
% dez, but unequally; their Sixth Bom being ys) Noon ; 
_ - ow and every hour, one welfth part: of the Sri Do of what 
—_  - length ſoever that be. 
_—_ - | For the $iſt#iption of them: Viikar Hours proper for the 


Plain being firſt-drawn, and the Ae. Arches of 15, 12, and g? 
hours, divide the degrees in each 'by;42, and that Quotient by 
15; ox elſe (which is all one) dw: aid. Arches b y 180, = 
three Quotient: ſhall give the juſt Times, in hours, and "al 
of 5 — from 12 a Clock, upon the two Peralkt, and the oy 
. 2 Spc, Euer gfamn by.a Ruler, ſhall, be the i 
bos requir 
Example, In Latitude 51- dep.” 32 min. the Piurnal Arch of 
15 hours is im Degrees 225, which divided by 180, the Quotient 


is 1 h. and ſo much the Fewifh hours of 5 and 7 are diſtant gow 
Aon; one hour and a quarter being a twelfth part 4 the 


 ArchoÞ15 hours: Aud this Hour and quarter being doubled, 


* Bs the — for. 4 and 8: Tripled, the lace of 3 and o, & c. 1 ; 
| Noon,” upo on hue Pro dry how 1 eee 0 . 


=” 


of Dialling. „ 
i like manner, the Dimrnal Arch of 9 hours is 135 dee, which | 
- vided by 180, the Quotient is +, that1s-3-quarters-of-an — * 
- 4, ſpeech dhowo-thoplacoot the ——— to | 7 
© be three quarters after, or before, Noon : and that doubled is One ; 
hour and, a hif,-which-grves'the Place of 8.and 4; A e with | 
Thu 


— 3 164 and 6 
ers, you have the places of the 29 22 upon - 


: ann RE L of g hours length o he Pay: 
And theſe parts D and Tip 7 4 
this Parallel and theformpt) Glen — ee and quar- - A 
ters of hours : And that is the. only reaſon: why theſe two Paral... 4 
Els oF 15: and 9, are eee agar ing: ee Þ 4 
them, more than the Tropic or Sony ns; Fc, con _— 


en of even parts. . 
the pony | S <4 
dt 2 . h, | : 
vets. with our ho Wi ; 
10 an 2, Oc. "wg a #2 and. 15 15 in 4 7 Parallel of 
15, to tod an the Zquator, and from thence to Z in the Feral | : 
9, uche 7th Jovi ben, dent ſoars all the xeſt to hey 
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requires (for the true U ding, either 
) an inſpection into divers other 
RIGONOME.- 


Sea, are performed thereby; and thoſe are ſuch as concern Lon- 
12 Latitnde, Rwmb (or courſe) and Diftance, c. And there + 
| fore, I ſhall Dee, Firſt, what is meant by Lomitude, Latitude, 
Rumb, Diftance, Cc. AndSecondly, any two of them being 
enz; how to find the other two; and that by Trigonometrical 

_ Calcelation: with ſome other Problems pertinent to that Art. And 
I all perform chem, (1) By Plain Sailing. (2) By Mercators 
= Sailing; And (3) By the Middle Latitude, eh 

E- DEFINITIONS. 


3 Wn: L Logitade, is the Diffance of 2 Place from ſome known A. 
* diam to that Place; and is always counted upon = k: 
—_—. rg from that known Meridian towards the E 
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0 Navigation.” - 


H. Land, lathe Diftance of any Place from the al 

\ Circle; counted upon that Meridian Circle which paſſeth over 
that Place, towards either of the Poles ; either North or South : 
and accordingly the Latitude is Denommated e 
Suonth Latitude. 


II. Rumb, (or Com ſe) Is Hat Ae which a Ship 3 in her Sail 
makes with the Meridian of the Place. from whence the Ship 
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came, and the Place where the Ship then is: But the Co Nan 15 


of the Rumb, is that Angle. which the Rumb makes with that 


Parallel of Latitude inwhichthe Ship is; andis the Complement * 


of the Rumb to 90 deg. — The Rumb is made known to the 
Mariners at all times, by help of his Compaſs. 


IV. Di face, Is. the Number of Leagnes. Miles Contefms, 8 
that a Ship hath "oak upon any Rumb or Cour ſe. — And this 
is known to the y the — running out) of the 
To- Line in any known: quantity of 


V. If your Runb (or Courſe) be drely Ealjor Fo 1 
ort 


not your Latitude at all: If your Courſe be Northward, you 
| continual! Kaye the North Pols and you increaſe your La 


titude Nort : Or the South Pole e 


Equinoct ial Southard. 
: 80 hat 


Y The Ruifng of the Pols is, When you il from a Late Le- 
titude to a Greater: e * 


« von Sail from a Greater to a Leſſer Latitude. 


"Theſe things knownz before I proceed to he eg e the 


ſeveral' Queſfions or Problems in ation, unto. which the Do- 
dine of "Triangles is ſubſervient , it "20 wil be neceſſary to ſay 
ſomething, concerning the Situation 'of Places upon the Earth or 
Sa in reflect of Lorgitude and Latitude: An their 

one from another in Leagues, Miles, or Minntes : And then, ſhew- 


ö * to lay down r (upon a Blank C Chart) any two (or more) 5 


ir reſpectve Latitudes and Difference of 


Places, accordi 
Porgitudts, All 8 thall be comprehended ae; west Heads 
% — 


1.06 


Diſbances 


| $22 [uk 2 4 fon Pam, le 7 Loighae 1 


P. this Diab chers are variety of Caſe, cart as the . 
nx to ſituate one from the other, in reſpect of the Fiſt, or 


+Gener aride, as to tlieir Difference of Longitude; and in re- 
ſpect of the. Exiſt as to their difference of Latitude And 


the better und of theſe Varieties, I ſhall it all 
.of in n : In which, 3% 


NEB athe 37; ;diau, or mene of end. 
W E the 22 Coke | 
FE the Ee c 3 
n ip ; 
N the North Pole. n | 
8 the South Pole. 
DB and T. A, wo Buell of Net ans 
OR and Z X, two Parallels of Lg Latitude. 
NIL MS a1 diam of V 2 
NH CSa Meridi of Zap . | 15 | 
_ "CASE I. If the Plas lies in neg as the Pla- 
ce; L. G. K; and ſo, have no Latitude--- Or in the 


fame Paralle of Lan as * Places D, V, X, and B, 
2 Parallel of 40. de. of North Latitude; and the Places O, 


| M, Card Riin te Parallel of 25. of South Lati- 
— o Place = 
"the Eq fu 2 


both on the Vt ide, 


6 1010 Fa "ke rs Die. 
0 of the 2 5 7 Plazes | But, gives th ; 3:1 
Bhs. propoſed de le dE fide, r 
2 155 ie of, he Fr Urban: MeV As V and X. L and 

n, the — pack 4 hes: Bas 


2 hs Ne of o Longs bare 


- The fon of the two o e 180 dep. I. 
| ne 


f * 


- the Sun of them from 360 deg. and the 
Dee of n tho two Places, 


4 * 
© 
2 = | CASE 
4 ; 
7 8 2 - - 
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171 5 5,198; 0 


"1 2 
OK * * Api 


the other under the _ Meridian N EL 8, as the Places V, 


307 
Cage 1. If . Place lie in the Aquino@:al Circle, as 125 and = 


1 


min the Parallel of 40 af North, ain M. in the Palle of ys 7 
5. 85 deg. f of : "aber, tnde : Then, the Tutitudes chem THal th 
five Ives yoo 8 ane ary are to be are) for BY * of be 2 
1 — are 
not diidea 


Cal III. If Two Places e poſed differ both in Latitude and intosomin. 


 Lowgitude, do lie both 


rallel of 40 deg. and I in the Perallcl of 18125 dep. the 2 L Sneſns N 
titude taken from the greater, leaves 21. 75. deg. for the r | 


rence of Latitude of thoſe Two Places The like, if both the 
Places had lain on the S##th-fide of the Aquinodial, as at C and 
I. But if che Two Places propoſed had been V. in 40 deg; 
olf North Latitude, and C, in 35. 85 deg. of South. Latitude; 
then the Sum of them two Latitudes 75. 1 * deg. would both 
2 of Latatades, A1 can never exceed 90. deg. * 


Him to lee Degrees e (or Degrees and Carts, 
or hundred parts of Degrees) into Miles, or Minutes. | 
HIS 15 dane by multipt the Dares by 6 2 adding 
T —— 75 e ere 
rees, an ms: egrees, multiplied Pro- 
dul w be Berne and Coneſns. So, 8 
26 de. 33 m. multi jed by bo': The ProduR of 26 by 66; 
is 1560, 8 Sorin, A "EFT derer ” and it . 1593 
es. Ty ot! . ; 
Or, 72. 25 tas multiplied by \60, will produce 4365 Hibs 5 
26: 4 deg. by 60; will 5 1588 20 Miles; that is 
1588 Mile, and eg or raf of à Mile and fo of any other. | | 


Dl. How to a ( 4 Blank: Chart tab Placm, bich 
e pen rd rn 7 x 


EE the two Places pro ſed bethie Harbour of fenais which 
Iies in 18. 25. deg. of North Latitude, 1 8. 39 deg. of - 


Longitude — And the Cape of Good Hape which lies in 35. 
"a of South Latitude, and 27. 50 deg 0 Eoin. 
IE 4 


| * Fe - The 
ORW 81 4 N 


- 


+ 4 e * = 5 " th . * 
ö 4 * 2 N r "y E D 2 * Y ' FRY — a G l * - 5 * AS PY - * 8 7 4 : 
„ by * * 0 * * - 
14 * * þ | * | \ G 
* T | Wy | * | © 
— 
| * LI G - 
n * — C c Gas 
* : 8 ö Nac. BY 
4 - » © 4% > * - _ , 
of —— . 
: = « —. As 4 . = = — N - 
* — Vs Is "= 6 0 «a 5 
_ = ts + 4 1 . ” * * 


I. Iyhbe Geometrical Conſtruction of the Nr. 
put Draw a Rig Line R E for the AÆgumnocfial Circle 

tze Terreſirzal Globe And another Right Line N 8, for the Prin- 

dba, or Firſt. Meridian, from whence the Longitude of Places be- 

gin to be accounted either Eaſt or Weſtward from it: which two- 
Yikes croſs each other at Right Angles in the Point 2. | 

_ ©. Secondly; The Eongitude of Jamaica being 78. 35 deg. Reduce 
them into les (by multiplying them by Co) and they make 4701 


a 


5 4 | Miles, which taken from any Scale of | Eyual.:Parts ſet upon the 
Jy auinoctial Cirdlefrom à to a, towrds the Feft, becauſe the Lon- 


gitude was Veſfwar: And through that point a, draw a Right Line 
a , parallel to N . S, the Firſt Meridian, fo hall that Line 

na, ba the Meridian under which the Harbour of Jamaica 

lieth . Alſo the Longitade of the Cape a Good Hope, being 27. 

5c deg. Reduce them into Miles (by Ser them by 60 

and they make 1650 Miles, whith ſet from & to. b, and through 

6, draw a Right Line 15 parallel to N 8, fo ſhall this 
: 1 te Meridian under xhich the Cape of Good. Hope | 

r e 


"x 5 Thirdly, The Latitude of Jamaica Harbour being r8. 25 degrees, 
=.  reducetliem into Miles, and tlie make 109 5;” which ſet upon 
2 . the Line a from à to H, towards n ( becauſe the Lati- 


miu was North) ſo ſhall H be the Point ee the Har- 
| bour of Jamaica. And, If you draw a Line gh this point H, 
el to the Æguinoctial, as the Line H h, that Line ſhall repr 
ent the Payalle] of the Latitude of the Harbour of Jamaica, vis. — 
18. 25 OED, The Latitude of the Cape of Good Hope be- 
| 35.85 deg. Reduce them into Miles, and: they make 2151, 
| —_ . which ſet upon the Line 10 5, from b:downards.towards-s, (be- 
—_ cauſe the Latitude is South) to C, ſo ſhall the point C, be the 
WO. | Point repreſenting the * F Good Hope: Through which, if 
vou draw. a Right Line C s, the Hyuinoctial, it ſhall 
repreſent the Furallel of the Latitude of: the Cape f Good Hope, 
iz, of 35; 85 deg. of South Latitude. . | 


Lafily. Drew the Line E, OA and A H, fo Hall 0g 
have conſtituted 2 Rigbt · lied Trianglt , | Right-angled at W Won 


whence. ſhall be deduced and reſolved” all ſuch Problems ane 111 
7 22 as contern Logitude, Latitude, Rumb (or Courſe) and 
Hnr. s | | 
; | 2 2 141 | 


. ROB. 


= * 7 N "os 
Of Navigation. 
: 


„ e 


WO. Places, Hin 18, 25 de-of North Latitnde, and 78. 35 d. 
.of Weſt Lowgitude And C, in 35. 85 deg. of South Lati- 
i in 27. 50 de. of E Lagitade being Given - To 


10 The Rumb leading from one Place to the other, the 4rgle 
II. Their Difance :. upon the. Runb; H C. h 

The Difference of the Logitndes, and Latitudes of the two Places 
being Found, and Reduced into Miles, as is ſhewed in the two 
" foregoing Problems : Then, in the Triangle H A C Right-angled 
at Æ, you have given, (r.) The Perpendicular HA, the Difference 


of Latitude 3246 Miles: And, (2.) The Baſe A C, the Difference 
& witude 6351 Miles: By which you may find the H 
CA 


CASE H aud the Difance HC (By CASE VII) 
\ HR AP. y 4 1 : 1 — , 1 N 5 | | | 25 
_ x. For the Rm HCA. 
As A C, the Dif. of Longitude 6351 M. TS 3.82842 


Is to t e Dif. of Latitude H A 3245 M. 13.511348 
$0 e eee 0 es 


To the Tang. of 27: 07 deg. 9.708506 
Which is the Angle H C A, | whoſe Complement H C 
un AH C, is the Rumb, 62. 93 deg. that is, Narth-Eaff- 
erh 62. 93 deg. from C to H, and South-Weſterly, 62. 93 
deg. from H to C. : 4 144 


| 2. For the Diſtance H C. t 
As the Sine of A H C the Rumb 62. 93 deg. - 9.949610 


Is to A C, the Dif. of Longitude, 6351 M  _ 1T3.802842 
So is the Rad. Sine 90 deg. bow HO . tt 
"To H C their Diffance, 713 2. 4 M. 3.853232 

- . P R O B. IL 


HE Rumb CH A, 62. 92 deg, And the Difference of Low 
tude A C 6351 M. Gies to Find, Dif 
1. The Difference of Latitude H A, And 


Fff 2 II. The | 


„  AncilleMothimatite: | 
—_. U. The Difaarce HC. 
2408 LYL By CASE U andCASEYV : Or k. A. p. 8 
l 1. For the Diforaggof Lande E 4. Brod, e 
As the Sine of A HC, 62. 93 deg. -1 © 9.940616 
Is to the Sine of HC A 27. 07 de. WCET Se 0 58596 
5 So f is AC, the Dif. r 1 2.802842 
13.460928 
To the Diff of Tun HA, 3246 M., 1 33711318 
| e Forghe Diftance HC. | LIFE . i ee 
As the Sing of the Rumb A H C62. a” a 49610 
15 to 8 5 Diff. of Log. AC, I We 5 73.802842 
. e 
e ee, 3 $11} M -Qe 3 n 
e p R G $I, 462 Ak 
HE Diftauce H C7132: 4 M. Andr dee Low 
tude A C, e SOT 5 e 6 
The Rimb A H 4 een | 
l. Alte Beer of Ae, A Ne 3 85 "1 
* CASE Hand CASE VI of R. A. P. e 
und dn For the Run An. | 6: 4 | 8 
| de Bürs HC. 7132. 4. N 
a Fog gt Eongituds A C, 6351 
$o is Rad. 8 ad * ; 
"To the Sine of the Rumb 62. 93 dee. 8 
23§, For the Mme Li's 4 2 
7 Having found the Rumb, by the Laft, Sar. 5 
As- the Sine of the Rumb AHC, 62. 93 de. * © 9.949610. 
Is to the Dif. of Longitude A C, 6351 M. 2302842 
S5is-theSingot H CA, 27. o deg.,. 22278085 
| 4 2 W 
„ wo- Di ban BA, 3246 M- MY 
| 85 25:2 ie | - 11 . v 


"Of Valle, ay 400% 
5 RC I | Wi E. 
mene 'Þ R 0 . . nN 1 
T Diſones C H. 7132: M. And . ln. 
tude HA 3246 M. Fw: To find, | | 
I. The Rimb HCA : Rachel 474 
I. The e of Emgitus A © 4 


— 2 
* 


by CASE and CASE VE of R. * 5 * =: 

| | r. For the Runb. EE W 

Ade Diſtance n . "oe: 
So is the Radius Sine 90 de. | WO. 


i . 07. de. HC A, 69 
Whole Complements #MC 8 056 a PL 


. For the Diffrpice . * ö | 5 
As the Radius dine 90 de. *; ; bode * 5 \ 
Is to the Diffance HC 132: 4 M. 8 7.872232 

$o is the Sine of HC A 2h. o de- 2.858086 
'To the Ee of — A.C 935k a. 13.511318 
v RO v. e ot 


hip at H, the Harbour of Fihidica. in 18. 25 de. of North 
oF aa ap and We/t-Eongitude Fe e being bound for 
4, which lyes in 50. 34 North E and 
5 * 2 Weſt 8 And ſhe fails upon theſe ſeveral 
Gee we (10 YA, 16. 25 deg. 42: 16 Miles from 
2 4 — 0 North Ea 8 oo deg. 25. 36 Miks from K 
| 3 Directly Sock, 32: O0 Miles from E to 
Eaß, 50. 12 dep. 28. 16 Miles, from: - 
—(5.) North-Eaſt, 48. 50 deg. 40. 25 Miles, 
(6.) Dire&ly Eaſt 28. 00 Miles, from 8 yg 


| pipe to N. 
from N to O. 


to P. And now I woald know, Mp 


. The Difference of Latitude; PR, and Difference of Lune 
HR at the end of eaeh of theſe Conrfes. ... q I $0100 
"+. Ho the Ship e at Py kears from the Heodow:aC'H, front: 

* hence mne cams. Dy rtf nr fin Fo: 1 % ot fen e; 715 


Ae hat un ard Lain: fe then is. an #2. 
what Long: 4 W. The: 


4 * 


” - 


a — 7 
„ 


Ancilla Mathematics: 
Iv; The neareſt Diſtance from P to H. 


1. The Geometeii Conſtruction aud ad) Trignometrical 
| Calculation, of the whole Travers. | 


RAW a Right Line N S for the Meridian", 15 . 
E W at Right - angles thereto; for the Parallel of the Lati- 


_ zude of Famaica, r the point of the Har- 
Bont, where the Voyage begins. Then K 


"7x 


J. The Firſt Conſe being North-Eaf 16. 25 8 make the 


3 Angles HK eqn equal thereto: And the diffance Sailed being 42. 16 


ſet them from H to K; and through K, draw a K par- 


nde WE - Sothall you have conſtituted z J H s K, 


right at a, in which theres given, (I.) the Rumb (or 
'Courſe) a HK 16. 25 deg. (z.) the Diſtance Sailed upo n that 
Rumb, 42. 16 Miles: by which you may find, 2 Differ- 
ence of * Longitude a R, 5 80 And . (2.) the pred 
Lin Ha 40. 47 M. By CASETV. of K A, P. 


2 I. For the Difference of ek. BY 2 
_As the Radius Sine goideg, 143. 46-0 Fu 5 
ls to the Diftance failed H K, 42. 16 M 1762490 

So is the Sine of the Rumba H K. 16. 25 dl. 9446892 
To aK II. 80 M. the Difference of . 71 881755 

. For the Diffrenee of Lund: He | * 

As the Radius, Sine 90 deg. © 10. 

Is to the Co- ſine of the Rumb a K H, 73. 77 de 3 | 
So is the Diffance failed HK, 42. 16M. 1824900 

To H a 40. 47 M, the Dif. of Latitude. I, 607194 

And en 


fees of Longrde and Luna will the Ip 5 
de, ben acrived to K. we! | 


TL. The Second Cop fs being Me. 60. oc de. through 


the point K, draw a Right Line $ e parallel to NS; And on the 


Than otract an Angle of 60. 00 deg as b K I. an d ſet the 

Ried 25. 36 M. from K to L; er x draw 

LS parallel to W E : Then in the Triangle þ K L, there is given 

* the Angle b KL, the Runb 60. oo d. a "and the Sd K * 
3 


= Ls = | — 1 


or Nevieatior 5 113 1 
e the Rumb, whereby may be found bþ L Rx. 
the Differ. of Loy. and K >the Difference N as in the LXE. 
former Come. | 

. For the Differance of Longitude b L. | 
As the Radius 10. 


To the Diſtance Salled K I. 25. 36 Ml. 13404149 
So is the Sine of the R b K L 60. oo d. 9.927720 


To the Difference of Longitude bL 21. 96 M. Fr 341679 
2. For the Difference of Latitude Kb. 


As the Radius i oo 1 | 
To the Difance Sailed K L, 25. 36 W 1.404149 
80 is the Co-ſine of the Rumb b I. 4 30 00d. 9.698970 


To the Difference of Latitude K b 12, 68 M. TI. 1o3119 


IN. The Third ct being direct "North, and the Diftance 
Sailed 32.00 M. Through. the Point „draw a Right Line Lc. 
parallel toN S. And becauſe the Comſe was directly North, ſet 
32. 00 M. (the Diſfauce failed) from L to M; 5 to that Point 5 
is the Ship now arrived; which being in the fame Longitude as 1 
when ſhe was at L, the difference o Lovgitude. is nothing. But | 
the difference of Latitud? is the fame with the Difance Sailed; 
viz. 32. 00 Miles, or Minutes. So that for this Conſe there 1 4 
need of any IE Calculation. 


Ix. The Fourth Courſe North-Eaft 60. 12 fog: continue 
the Line L M to c. And on the Point M, protract the — 4 
of the Runb, cM N 60 12 m. andſet the diſtance failed 28. 46 
from M to N : And through N, draw N c, el to W E. Then, 
in the Triangle Me N, there is given the Ale c MEN 60. 12 de. 
the Courſeor Rumb : And the Side M N 28. 46 M. the Diftance 
Sailed; by which you may find the Sides N, the Difference - 
of Loygitude'; and N the Difference of Latitude +: 8 is | 
manner as inthe two firſt Courſes: | | 
1. For the Diſflevones: of Longitade-« Ml. 
As the Radius 10 bw 4 
Is to the Difance Sailed, MN 8 46 M. 8 "1:422585 | 182 | 
Sofa the Sine of the Rumb e N M, 60 12d: 282884 | 
To the Difference of Longitude c N 22. 94 M. e 
9 ; _ 2. Eor 


-— 


1232 


= 3 2 3s y »*- "I r 2 
? l FY d 0 >» 

2 ** "7 þ * — * * "FS... 

* — * 

F 
* 5 3 = 
© 
b = 7 4 * 
| L As the Radius © 10. 
„ 7 x 


GO 


o deg. And the "Side N 
- which: may be found, the . ng the 


. 
* " C1 i 2 = * - 
F a. AAS g * < yS < 4 » * * — * 
. "> — ” - = - 5 7 . * by 
> - 20% — * g 
A - a 
= 2 = 
2 * 
- 
- 9 
«4 * & 4 : 


| 2. For the Difference of Latitude M . 


Is to the Di ance Sailed M N, 26. 46 M. 1.422589 
So is the e of the Rumb c NM 29. 88 M. 9.697391 


To the Difference of Latitude M c, 13. 18 M. " Fr.119980 


V. The Fifth Cie being North-Faft' 46. 50 d. through the 


Point N, draw a Right Lined N NF, Hel to the Meridzan N 
Wa And upo ofthe Dom N, pr Avgle of the Rumb, d N 
O, 46. 50 * And ſet che 125 led 8 40. 25 M. from N to 

. 
T N you have given t N 46. 
'G. the Diftance Sailed 40. 25: M. by 


difference of Latitade N d, as before. 1 | 
1. For rene eee 20. 2 


«Sit Radiis Sine 90 de. SIE ©. | 
'To the Diftance ſailed, N O 40. 25 M. "2 7.604706 
80 is the Sine of the Rumb AN O, 46. ba 2.860562 

To the Difference of Longitude d O, 29. 19 M. | e 
r eee "op 
N 117 10 27 8 8 

| To the Difance Sailed N 25 M. © 1.1-604766 


Fig. 


. MY Now for the Second: i, 1 


80 i the Co-Sine of the Bath d N. 43. 80 | _ 9.837812 | 
To che Difference of 1 5 od 71 442578 | 


£ 


VI. The Sixth- Come Fr directly Bes; And be Difiwice 
Sailed 28. oo Miles, continue the Lite or Pwallt 2 ©, and ſet 


the Diſtance failed upon it, viz. 28. vo M. from Oto P. and to 
that Point is the Ship now arrived : which being in the fame Pa- 


rallel'of Latituds as when ſhe was at O, the of Lat 


zs nothing : But the Difference of Lovgitude is equal to the "Dk 


FanceSailed; namely 28. oo M. 80 that fer this Cosſe, "there 


needs no Trigenometrical Calculation. . 


Having thus finiſhed all the Courſes, you find the Difference of 
LXIII. Longitude and Difference of Latitude to be ſuch as are ſet down in 
* Scheme of the Travers. And thus is the 5 uf part of the Ho- 


190 


* I From 


* * 


Triangle HRP, Ri heangled at R: By the Solution whereof, 
the other parts of e Problem 
vnl. Collect the ſeveral Differences of Longitude and Latitude, 


into one Sum as is done in the following Table. 


| "Difference of |, Difference or 
| Longitude 18 Latitude is | | | 
1 * dee Miles 
H to K jak 17. 80% H 40. 47 
| * ho K to L TE 21 96K b 12. 683} 
8 the) L to M | M EAM 32. 00 
2 M to N EZ. 22. 94 Me 13. 18 
m N to. O d O.- 29. 19 N d 27. 70 
O to P Jo — G — 
HR z E 12. 2 


* 


By the Table you find the Sum of all the Differences of Logi- 
tude to be 113. 89 Miles, or Minute:: Which reduced into De- 
grees and Minutes (by diyiding them by go) they make T. 91 
deg. Which ſubſtracted from the Lomitude of Jamaicu, 78135 
deg. there remains 75 34 deg. for the Longitude in which the 

Ship is, being arrived to P. n AA ©. ' 5 
Alſo, you find by the Table, the Sum of all the Differences of 
Latitude to be 126. 33 Miles + which reduced into Degrees; makes 
2. Io. deg. Which being added to 18. 25 deg the Latitude of 
Jamaica, it makes 20: 35 dg, for the Latitide in which the 
| Are EY at P. And thus is the Secbud part of the Problem re- 
ſolvetl. . 0031 2 FEISS, 

Now for the Third. 3 f | 
IX. The next thing to be found is the Rum, Conſe or Bear- 
dg of the Sbip, ſhe being at P, to H, the Harbour from whence 
Me came, — In the Triangle PR H, there is given, (1) The 
a | 6 68g * Side 


ow n Ca: 


Side H R. the Di erence of Longitude 113. 8 min. (2) The | 
a 1. Dif rence of Latitude P R, 126. 03 min. To find the Angle H 
„the Rub er by CASE I. of R. A. P. T. 


1 As the Side P R, Dif. Latit. 126. 0% M. 2.100474 
Is to the Side H R, Dif. Lon. 113. 67. 2070407 
So is Radius; Tang. 45. 00 de. 10. 

To the Tangent of the Runb H P R 42.11 d. 9.558671 


So that he Courſe from P to H is South- We 42. 11 leg. and: 
from H to P, Ne As; much. 3 


X The laſt t to be found is, the fore Difence (or Di. 
ons upon the Rand) between H and By -CASE V. of * 


A. P. J. | 
4 * Sine of the Runb, HPR, 42. 114. 9.826425: 
Is ti the Difference of Longitude H R, 113. 89 . 12.056485 
So is the Radius, Sine 90 d. £26 
oe * RE the Rumb, P E, 169. ** 2230050 
5 PRO B. Vr. 


ee 


ggg 25 deg. at H, ro upon ſome- 

1 Rib between the North and the Eaſt, as HP 169. 83 Miles; 
and then find that I. have departed from the Meridian- from 
hence I came 113. % min. nnn knows, 

0 0 Wo ; 

Lupen e I fleered. And. N 

I Ao, mu E have altrred wy Lotitude: * 


Ta HIS Roben may be reſolved in the Triangle H RP: Mubicli 
there is Given, 7 1) The Side H P, the Diſtauce Sailed upon 
theunknown Rumb, 169. 83 M. (2). The Side H R, the Depar-- | 
ture from the Meridian of U from rhence you failed, 113. 89 
M. by which yon may find the An E R, the Rumb failed 
upon! By CASEIL of RAP. T. 


As. the Diſtance WAY, 169. 83 M. 2 2.229514 
Is to the Radius, 8 r "aa 
Sao is the Departure H R, 113; 89 | . I2.05319T 
TOE Sine of PH R, 425 1 tides. erg 
„that 


"Whoſe Co mplement 47: ee, v Angle PH 


Noth af. 89 de 1 


ec 05 1 


3 * Y I 7 
* * | . N 
w . 
R.. : OY 


MES / 
Then for the Difference of Latitude P R. 
F ee 2228421 
Is to the Departure H R, 113. 89 M. 2.858485 
So is . of Rumb P H R, 45. 89 d. 2.20221 
119268 


To the Side PR 126.03 M. the Dif. of Lait. 2.100371 


Which reduced into deg. makes 2. 10 deg. which 1s the dif- 


terence of Latitudes, IEG being add to 18. 25 deg. The 
Latitude of H, from whence you came, makes 20. 35 de. 
For the Latitude i in which Wr at P. 


The Eight foregoing PROBLEMS, 8 
Right- angled Plain 
the A'SES RIDES "Ti 2 0 


0 
p R O B. vn. 


A Sip at C, in 22 deg. of North Latitnde, Sails Motb- Eat 
22. 59 deg. 64. 50 Miles to D: And from D, ſhe Sai 
between the South hg the Eaft 124. o Mikes ; and then finds 
that ſhe is in the fame Latiend non whence ſhe þ t came [ 
would now know. | „tt 911 21 < 


I. What was the Rumb, * Caf?) dom DF. << 03 2 
II. The Difference of Longitude betwen Cand F. 
III. What Latitude the Ship was in, v when the was at D. 


The Geometrical Conſtruction of the Figure. | "or 
Firſt, Draw a Right Line NS for the Meridian; and at Right 


Angles thereto another W E, for the Parallel of Latitude 22. 0 


deg. North. 
6. Secondly, Upon E, Protract tha Angle. of the Rumb North 

Eaſt 22. 50 deg. DC D and ſet thereon 64.50 M. the di ance ſail- 
ed from E to D; and througł the point D, draw an obſc cure Line 
D a, parallel to the Line W E. 

Thirdly, Take the Diſtance Sailed from D to F I 24.00 Miles 
in yayr Compaſſes, and ſetting one foot in P, with the other de- 
WIS the Arch b c, croſſing the Parallel of Latitude W E, in the 
Point F. 


Triangles : Theſe which follow, fall under 


8 
LAV. 


-Ggg 2 5 Fourthly, | 


* 4 
Ws * > a 
= 


= — 9 
316 
3 
. 


2 a Ry * 
3 att „ 1 — 
F * N 


5 Focurthly, 950 D and F D. 10 ſhall vou e conſtituted 
4 . 1 T Pian DC. In which there is Given (1 The 


$4 CD, 64. 50 M. (2) The Side D F 12 oo M. and (3. 5 
Angle D C F, 67.50 de. the Complement of the Rumb failed u 
fromC to D ; to find (1,) The, Angles-at D and E, the Kune; 
(2.) The Difference of Longitude between C and F. A5 (3 The 
Diiterence of Latitude, Ca. 


—— 


By fldorbntricatCalonlition: 
1. For the Rank (or Come) DFC, By CASE 1. of O. © 
# As the Diſt. ſailed from D to F 124. n 2093421 


Is tothe Co- ſine of the Rumb, from C to D, 22. Wo 9.965615 
she Ditnc filed, Rom C.to N 4d. ze H. 8525 


| 11.775174 
To the Sine of chs Angle DFC 28.72 a 1- 9.681753 


Whoſe Complement 61. 28 de. is the Rumb from F toD, 
that is North-I/af/61. 28 de: And * 61. 28 de. 
_ from DtoF. 


VII ale or 0 * Fon tbe Diferace of Loninls C F. keg.” 
3 F being known, the Angle =D.; 1 "allo. 
Im And Will be 3 96. aa de. Then 
As the Sine of DF C, 28. 72 deg. | * 


e ber , r ws - 1.809559 
"So is the Sine of 2 3. 78 de. e 


(Lan ems 806970 


ne, | Tote Dif, of Longitnds CF, 133, 43 It | Th #10 
* LE 3s ain For the Dif, of Latitud: DE ROSE. * 
u CASE . of R, A PTY OO 
Asthe Radius Sine go de. | 12 962 his 
To the D3f! failed from C to D. 64. 50 M. 1 I. Torre 
Di is the Co- ſine of the Rembrfrom GtoD-67- 56d. 9.965615 
Toth BE" of . $9. 59 L. T7 775174 


— 0 4 * 
- 4 £ . , 
, ALAS £43k v4 / 140 5 ! "—_ p 
* I 1. " . 4 ö 7 3 6.42544 4 
r e 
4 \ ets A 44 11 : * 10 n 1 
. +” as > 
- 1 4 
- : | 
« 


- 
® * 


Nigga _ © 319. l 


f p RO B. VI. 


O Ships ſet Sail, from the Port P, One of them Sails 
7" North-Weſt 70. oo deg· 106. ooMiles to O; The other Sails _- 
South-Weſt 74. oo deg, 236. 60 Miles, to M. I demand, 1 he 
L 3 the two Ships at O and M, do Bear from each other :- 
mn | WG ; | | | 
MW. Their:Difance M O. | | 
9 The Geometrical Conſtructiom FE: 
Having drawn your Meridian N S, and Parallel W E, croſſing, 
each other at Right Angles inthe point P, which let be the Port 
from whence the two Ships ſailed. Then, ; 
Firſt, Upon P, deſcribe an Arch of a Circle, as no m : And 
becanſe the Courſe from P to O, was North-Weft 70. oo deg. ſet 
20 deg. (the Complement thereof) from o to n; and through 
5 = a Line, as Pn O, ſetting thereon 106.-00 Miles, from 
to O. a | | 
_ Secondly, Becauſe the Courſe from P to M, was Southeweft 74. 
co. deg. ſet 16. oo deg. (the Complements thereof) from a to n, 
And through u, draw P u, ſetting thereon, the Diſtance ſailed, 
viz-.236. 60 Miles from P to M. . | 
_ Thirdly, Joyn O and M. So ſhall you have conſtituted an - 
Oblique-Argled Triangle PO M: In which there is Given, (1.) The 
Angle OP M, 36 co: deg. the Sum of the Complements of the 
Bearings of the two Ships. (2) The two Sides P O 106. oo Miles 
and PM 236. 60 Miles: The ſeveral Diſtances which the two 
Ships failed : And by help of theſe, you may Find. (1) The 
Bearing of the two Ships one from the other: And (2.) Their 


Difnce. 3 
By Trigonometrical Calculation. 
I. For the Bearings, O MP and MOP. 
| By CA I. of G. A. P. I. 
The Sim of the Sides, PO and OM, is 342.06. M. 
_-- Thar Difference. MI... 3 ; 1-20.06. M. 
Ide half Sum of the Unknown Ages M and O, is 72.00. De. 
Being thus prepared, ſay, N 
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At, Melee, 1 | 

Fe. As the Sum of the Sides 342. .05 © 2.424102 
LIV. Is to the Difference of the Sides 130. 66 2.113144 
So is the Tangent of the; Sum of the Angles 72 & 10.448224 
12.561368 

N 6. 80 degrees. 10.027265 


Which 46. 80 deg. Added to 72. oo de . (the balf Sum of the 
O and x M) ves 118. 80 d. for the Angle MOP; 
46.80 d. ace ron, 72 od. leaves 25. 20 deg. 
fr the Elle Angle OMP. 

Now for the Bearing, ſubſtract the Bearing of the Ship from P 
to O, vix. 72. 00 deg. from 118. 80 degs (the quantity of the 
MOP) ere vil remain 48. 80 deg. for the Angle MO Q, 
Ache Stb % 4 8. 80 d. and ſo doth the Ship at O Bear from 
the — * And' theShip M, from O "North-Eaf 48. oo deg. 


2. For the diſtance of the Ships M and O. A 
As the Sine of M O P. 118. 80 d. (61. 20) 224287 
; Is to the Difarce ſailed from P to M. 236. 60 d. 2374014 
aer 36. oo deg. | 9.769218 
| 12.143232 
rode Das OM158.70 M. . 2.2005 76 
P R O B. IX. 


. Na are Two Iſlands, as K and M, which, le directly | 
North and South of each other, and are diſtant 3 
Miles; And there is a third Ifland at L., which is diſtant * 
that at M, Fo. 64 Miles; and from that at K, 80. 92 Miles-: 
Now I would know, _— Jt * 


two Hands M and N. 


The Comte) ConſtruQtion. 


Having drawn NS for the Meridian, and WE for a Parallel of 
Latitude, croſſii : 7 * on in the point K, which let be the 
ce of one oft e Hands; Then 


The Land M, 5 ep dec North therefrom, at the Diſtance 
of 37,75 M. Set 37. 75 from K to M. — And becauſe the 
Ind at L is diftant 4 Iiand at K, 88. 92 M, with that 

iſtance, ſet one foot of the Compaſſes in K, and with the other 
deſeride the Arch a b,—— Alſo, the diſtance of the Iſland 5 * 
| ; „ 


* - " N 
= 
P : 
p i 


* wv} | * _-_ 
% %, = 
_ 4 , : 


9 1 — 


being diſtant from M. 59. 64 Mil. with that diftance ſet one Fig, | 
foot in M, and with the other deſcribe the arch c d, crofling LXVI. Ws 
the former arch a b, in L: Laſtly, Joyn LM, and LK, 
fo ſhall you have conſtituted an Oblique-Argled Triangle K L M; 
in which all the three Sides are Given And the Avgles at K and 


M are Required: 
1 The Trigmometrical Calculation. 8 . 2 
As the Greateſt Side K L; 80. 92 M. 1. 98e , 
Is to the Sum of KM and LM, 97. 29 M. 1.988425. 
80 is the Difference of thoſe Sides, 21. 8% M. 1.340245 
| | 3.328671 
To the Part of the Greater Side L O, 26. 34. 1.420615 pe 


This L O, 26. 34, ſubſtracted from K L 80. 92 leaves 54. 58 for 
the other part of the longeſt ſide K O; and the half thereof, 27. 
29 is the part KP or PO. And now, the Obhligne- e Tri- 
angle K LM, is Reduced into two Night- angled Triangles MP R, 
and MP L; in both which the Zhpoteruſes and Baſes are given, 
by which the other Ales may be found, By CASE III. of R. _— 
A. P. T. According to which, you ſhall find the ge MK P. _ 
to be 43. 71 de. and the e ML K 25. 94 deg. — 80 that 9 
L Bears from K North-Eaft 43. 51 deg. And Mfrom North-- 
Eaft 69. 65 deg, 5 0 * . 


PR OB. . 


There are two. Head-Lands at B and C, which are diſtant FF. 
356.00 Miles; And there is a Fort at A, from wlience two Ships 
{ail to thoſe two Had Landi, the Ship from A to C, ſa 5 
Sonth-Eaſt 34. 90 deg. and that from A to B, South-Weſt - f 
72. 10 de. And both the Ships together have failed 4234. 
22 Miles. 1 denuind the. e that each Ship fabled ; 
Or, how. far. are either of the Head-Lands from the Fort 
at A? | þ 22 
The Geometrical” Conſtructien· 
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Ann Stip filing Sond-Zef 30, 90 he; andihie other H 
Weſt 72. — > ih 
Wherefore, | 


ce of thoſe Rumbs 18 107, oo de. 
WS. 
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Fig. Firſt, Draw two Lines at pleaſure, as A B and A C, making fhe 
Tn e equal to 207: oo de. 3 
"884 | ondly, Take 356. oo Miles, in Compaſſes, and en- 
ter thein between the two Lines at pleaſure, as at B and C: con- 
ſtituting the Triangle ABC. g 
Thirdly, Continue the Side B A to D, AD equal 
to AC, and joyn CD, conſtituting another iqueangled 
Tri DCA, in which there is given. (1) The Angle 
at CAB, 73.00 deg. (the Complement of BAC to 180 
- deg.) And (2) The Angles AC D and ADC, each of 


Then in the Oblique-Angled Triangle D C D, ſay, 


As the given Side B C, 356.00 M. | 2551450 

Is to the Sine of B DC, 53.50 de. 9.905178 
So is the Side B D, 424.12 MM 2.627488 
To the Sine of 73.27 deg. 12.532666 


| : 9.981215 

Which is the quantity of the Angle D CB: From which ſub- 

ſtract the Angle AC D. 53.50 de. there will remain 19.77 
d. for the Angle ACB. Then in the Triangle B A C, 


As the Sine B A C, 197.00 d. (73:00) . b 9.980619 

Is to the: Side B C, 356.007 | 2.351450 

So is the Sine of A CB, 19.77 de. 9.529231 

"oy | 12.080681 


To B A, 125.90 M. "2.100062 
fuor the Side A C. the Diſtance that the other Ship ſailed. So 
that the Port A, is diſtant from the Head-Land C 298.22 

M. And from that at B, 125.90. & 


ZV rn 


Fig. Two Ships ſet fail from two Head lands at B and C, diſtant 
'LXVIIL from each other 356. oo Miles; and meeting together at A, 
if they obſerve that the two Head. lands bear ſo from their Ship, that 

they make an gle of 107. co deg, Alſo, the way that both 
the Ships have made from B and C to A, doth amount nnto 
424. 12 Miles: I demand how much of this each Ship ſailed. 
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them equal to half the Angle BA C, viz. to 53.50 deg. 


Which ſubſtracted from B D, 424.12, there remains 298M, 


N RAW a Richt- line at pleaſure, as B A D, and upon 
; 258 win thereok, & A, prog n Angle, of 


2 — The Diſtance of the two Head. lande being 396. 00 
Miles enter them between the two ſides, at B and C, and Joyn 
BG making the Triangle BA c. 


Third! abe A Dequal to. A b, o 
you 22 another Ki 2 n bone 


Now in he Triangle A H. in Given. (1) The Ade BC. 256: 


oo. (2) The 
AC, the 
muſt be 73. 00 de. And the $i ACandAD, e 


conſtruction) the Angles A bn CD, muſt 
viz, (each of them) 53. 50 Reg 


1 to find 
8 14 By Trig ny Al ulat tion. 2 
4s the Side BC, — 00 4-18 W 
Io the dine of the e ADC, 53. * 
80 is the whole Side BA 424. 18 M. 


To a fourth'Si 
This 73. 06d. 


12 B A Cen. . And in the Tri 


: 2 a 


73 106. 
1d be the antity of the Angle 


5055 


BAC 197. o de. the Angle DAC 


EE 


but (by the conſtruction) the Angle you ſee is Obtuſe; tad there 


fore the Complement of 73. 06 to 180, viz, 106. 9 

for the Comp of the wh eg wo From n 2 500 
ſubſtract tHie Angle A CD, 53. 3 Fo de there will nai 53 44 
deg. for the Angle AC B. 


Then i & -- - 
As the Sine of B AC, 109. (73. 00d.) RP 
Is to B C 356. oo. | 2.551449 
So is dive A CB, 53- 44 deg. 9.904842 
# k 12-456298 
To the Side BA, 299. 8 475672 


And ſo much did theShip from B, fail to A, and that ſabe 


ed from 424. 12 there remains 17g. n dd 


he Ship ram Ct A Sil 
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c titude, 
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\ 7.0; 


1 — 1 


are ere . to be equal 


thovgh — ry _—_— 
.  formar, the one called cator's, "he 


"Dawes of Latitude in that 
Ti — from the Auinoctial towards 
is 1 


them into Meridio - 

"1 des into. Miles and CHE, 
. 

* Meridional Parts, I have here fart a Tab fo 


ducing of Degrees and Minutes 


1 2 * * 9 
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4717 
+]. 5940] 
3779 
41-5324 | 


4939 
5215 
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3513 


. 4807 
5074 
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* * r 
Bite tl The Uk of. the Table of MeridinbParte.- od * 
What Meru Parts.do anſwer td 28. deg. of „ | 
"Latimde 26. oo Deg — 1616 Merid. Parts. 73 
224. 25 Deg=— 1509 M FP. 
La 50 Deg-— 3247 M P. 
3. O0 Deg— 4905 M. P. Oc. 


E and Caeſms'do anſuer ta ao 
679 Merid. Parts? © 85 25 Deg. 
| DAnſwer 


3522 M. P. 50. 50 Deg. 
18 M. P. 3. 75 Des. 


For the Reſolving of the following Problems, which (in kind 9 Fig 
will be the ſame with thoſe in Plain Sai lin as to the Tamgonometri- LMX. 
cal Work. But in the performance of them, I will ſet the places | 
Propoſed down upon a Sea-Chart, made according to the Projeios — _ 
of Mercator, where the Degrees of Latitud are enlarged according | 
as they tend nearer anft nearer to the Pole: And on the out- ſide of 
ſuch a Chart, I have deſcribed a Plans Sen- Chart ald, wherethe Meri 
diams and Parallels of Latitude are every where of an equal di 
and ſo wroughwhe — according to both Charta, by which 
the ee i will more plainl And the Chart Which I 
have here made to work tlie following, Examples upan, begins (alt 
tze bottom of it) at about 49. 50 deg. of Latitude, an extends up- 
wards to 55. 50 deg. — Land ; de 5 ang the To and Bottom to 
Six Degrees Difference the-Parallels of Latitude 
in the Hain Chart, danch are re dige by Pricked 8 er: 
tend to above 59 deg. * Bounds. 
* yr 


1Þ- BO et 4 . | 


The Lade of 6s Places, * and War e of Lagitude- 
being knoum y To. find, (1) DE Ramb Lead 1 from. ont 
- to. the ocher: And (2) Their 1 e er | 
_ cording to Mercator Chart. Dae 


| 8 "By Trigmunet ial cs ie, ch Jo 49W81 
one Places at A in the Latitude of 50 025 Abd die other 
h pz at C, in tlie Latitude of 55 5 „but differing in Longitude: 
; INA f from B, $ 525 deg. whi 


two places thus t downin 
* the” 


W 


—— 


FF | * 
= 4 1 - vey f 240 
. | e — | 
q * 4 * = 
| PO Anci 
C : 
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7 7a 8 
oB C, the 
into Miles 2 or N 30 1 gr 
(as in Plain Sailing ) and they + 4m 7 * 
the Difference ey make 53000 Miles Reduced in 
Meridional Pats thus: | | | 
The Beke Faw ory: 00d T 7 75 
- FN * 3 7 2 
drence 
Which are. the Meridianal [Pom wering to the 5. ae dg; Biß 
rence of Latitude of*the two Places 4 an er 4 os you | 
_ , way Ar | 
08 b e bo upon mg AG. 
. 3 By Trigonometrical Calculation. 


(1.) For the Rum BAC . . 


my 


Asithe Merid. Diff of Land- A B, — 2692847 


AIs to the Dif. of Loygitade B C 330 Miles . 12518574 
$0 isthe Radius, Tangent 45 deg. 10. | 
To the Tangent of BA C, 33 80 degrees. 0.825667 * 


© Whith is the Rumb, kakns Hom A to C: ——— 56. 

20 beg is the Angle B E A, or the Complement of the RN 

| (2.) For the on the Rum AC. 

Aube of che Numb: BCA, 56. 20d. 9.9197 %/%% 
Is to the Merid. Differ. of Latitade AB 493 M. P. 12692847 

So is Radius Sine 90 dgg. 


To the Merid. Diffance A C, 5. 27 M. P. 
Now to find the. Meridional Degrees anſiwerable to theſe 


ee from the MP e their 
Difference is #0. 27 M. P. the half whereof is 50 13 M. P. 


Secondly, Add This thalf Difference 50. 13, to the Meradional 


"ow of the Greater Latitade 55-: Oo deg.- vix. 3968, and it makes 
13, which are 7 1114 Parts anſwering to 55. 50 deg. of 
—— Alſo, ſubſtra# this half Difference 50. 13, from the 


Avi, Parts of the er Latitude 50,00 deg. vix. n and the 
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8 3255 


ns 


Fern * PR '0 PS rin" : 21 


TY — 


* ee 


de wilt be - which Mid f. 
ee he MEH which are ths ts anfivering Fg. 
The Difference of theſe two Latitader aft found, vi, 


22 2 1 6. 12 deg. — 
lance upon the Rumb between A and C, in D . 


Þy 


And according to this Method, 

Thefore root by the Plain ary Goon doe een 7455 
1 ＋ the ſame Canons: remember, to 

the Lititudes and Diftence onthe Runb into Meridi- 


A as in the 
6 4 ; 


Now that you may ſee the Dieu tees Mi bes vpn; 
See the Ehn of the Chart, airy pany doo dr A 
by the Plain Chart, as in the Tri AOS, 3 
% Bee l O48 dg you will find 


. * deg. flo * * 5 1 

7 ) TY 57 — 2 mh rh 12, 93 deg, 20 N 

2 irance 7 
* from the other 17 43 g 


ee eee 
There is a third way of Selb which dfre not much rom 


this way of Mercator's 6 ur may | 
or uſe of Meridianal Part | Is N 4 7 
22 e e 270 | 
— 1 — —— N g 7 

ay A TT 


m of lng by — Middle Lek wt 


r Shall ry this way of Sai by Fw oe Wor moſt uſe 
1 5 ws 


Problems i in Nay ation .: be the ſame as in, the 
ing the Difference will the een 


+. 4 .. "3 
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he 3 of two Places, 5 and C, Given 
to % 


(1) The Pines af 
4 9 7 &) The „ u * Rum : AC. 


1 r 


, — 5 hy 
p " 0 y — * * © L 4 p* 8 ü 
| > 0 * * 9 9 
7 of > v 1 * — CO * 
9 4 . 
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82 | en Thus OY AY the aeber in . oo de. of 


5 ST 1 4 Latitude; A 50 deg. difference in : Then 
—_ 4 pra As. 50. — 4 and 55.00 8. is 52. 50 
d its Complement 37+ 50 deg- Then — 


) For the Rumb : 34, 
en ts 300; O Miles — 


57 of Loni. 230. oMile, © es 
e Co-fine of Abdi Latitude, 99: you! + »" 984447 
on my n 4 Le r 


| th TH FD | 
8 5 - 32 Os "7 +4 a3} 2: i ny n 


1 0 For the \Diftengeupon tha Punk... 


6 b 7 The Proporti 7 * 6 
46 Cod of the Rymb 56.19 8. been 
I 0 Nadi Sine 90 iin e 4 
80 b the Deer of Lad, 300 * = nl . I 
e e „ N 0 "0857079 


_ Haun — 15 R. R. * 7 h 1097-6 
= \Places, Kin, ail Mud, Ba . 
ede wen! to E 9 5 ; hai wk R 


Woo inns, of Lagitnk, BC... 


For the Diſtance it may be found as in the former Problem. 
But Duni. bull * ( Muli bay) v4 . 


(2) For el This is, . — * 


Proportion. 
As the Coffine of the Middle We Lavin 0 4. _ 9:3B4447 
Is to the ce of Latitude 300 * N 


Sos the Tang of the 381 f. "gh x © 9.825876 
eee , 518650 


* 8 


hs 


N. Neig arion. | | 
PRO B. III. e 
Fug A oe M. And both A Lund 8 


| Th 


—_ 


As the Diſtance A P, 361.06 — 2 
Tothe Dine of i 0. | 12477120 
So is Radius 90 deg. | 

To the Sine of 56.19 deg. 2519772 
eee 3391 deg is the Runy BAC. ious th 
13 Meridian. | 

PROB. IV. 

Aving one Latitude, the Rumb, an Diu: on th Rnd, 

H. bod the Difference of Latitude a 


The Proportion. BY 
As the Radius Sine 90 deg. 10. 
- To Co-ſine of the Rumb, 56.19 deg. | 9.919542 
So is the Diftance upon the Rumb, 361.06  2:557579 
8 — Latitude, 300 M. 2. ein 
into Degrees, s 5.00 deg. || 


p ROB. V. 
Hagkgze e che Dif 


\ 


The Proportion. 
As the Co-ſine of the Mid. Latitude, 37.50 de. 9.784447 
To the Difference of Latitude, 300.00 M. 2.477121 
| Soi is the Tangent of the Rumb, 33-81 deg. 9.825876 
12.302997 
To the Tangent of 300.03 Mk ' © 2.518550 
Which is 5 Deg. 4 
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Tegel ASTRONOMY: 


N-the Fourth. Sion of this Thrid PART, you 3 . 
Doctrine of Triangles applyed to Practice in 2 part 2 
nomwy which concerns the Diunal Motion of” 

Fixed Start: Now, in this Section, I ſhall diſcourſe fon 
of the other Stars or Planets, inch have a Secondary 7 5 0 
their own; ſhewing alſo, how ſubſervient Triganometry is for the 
L of their true Placys at any time, as alſo in ata . 
ol their Magnitudes, Diftances, &c. And in order thereunto al 


fiſt gre you «the ee E Men. 


FAY, 8 BUYS rns: unt! 
' 4 x © c H 14 P. L 9 707 | 
Of the Planetary Syſtem. 
Pius: * may be ſufficiently repreſented as in the Figwe 
Wherein, | 24 


Firſt, The den being in the Centre, hath only a Rotation from 
Weſt to Fa, upon its own Ati in the hace of 2 
ii 2 | 


— 


* * Ae —_ p 6 * "4 . 
*%s FE, * * P N * P 
”® 4 


9 ni * 8 ; =” * * 2 9 2 ** 8 
A © G 5 - : 
| „ | 2 e e 


* | 9 2 nk thereabouts ; His Centre being an 3 Point for 
F. which the Revolutions of the other Planet, are ref | 
_ Aly, The N meved about the ry: from! Weſt to 
8 Hef 3/" ch an | which ym 8 2 25 

mne proportionavie to t Nude 0 8 Maunce 
from the Sw z the Motions of the Primary Planets, b, V, , S>. 


2 8 een N bens uniform, perpetniilly conftant and, "ple 


| eigne ofthe M i723! | 
By. W J BCD ?, denotes the Fay and Robotic of . 
11 1 ene the Hu, -i in 88 e Circle 9 E 
EG 2, ACh in 225 Days The Circle H 
IK S, 5 ka le Barth, with the Moon in one Year---- 
G 9 eRevolution of Mars. The Circle * 
OP Piter, with his four Companions (or 
3  Satellitzes) in twelve Years — x Circle b RS T b, the Revolu- 
1 tion of , with his and-Moon, in Thirty Years—— 
| The, Moen alſg-moveground the Earth, every Manth 1 B00. 
ters four Companions; move-about him * "te to their Bi . 
= | * him. The Firſt (and neareſt to him) in One Day and 
1 18 Har Ihe Second, in Three Days and 13 Hours 
Te Third, in Seven Days and 4 Hort. The Fourth, 
1 c 1 Days and . : e you to 50% about him in 
r xteen 0 m trom to Aa . el to 
A * heir Plants Revolation about the Sor. * 7 | 


A "whoſe Revolitions reſpect the e a8 Situne 
iy | Joie, Mars, the Earth, Vas and are called Py; 

_ anets ; The other that move. about Satin, iter and the Eart 
1 Sæbomdary Planets: 3 

_ The Secondary Planets, are h of tem much Lzñ in 9 
3 85 their — 1 ; an all the Planets together, much 19s than 


- 5 p * 
bc. ” 3 * bd - . * * 9 * 
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reach from the 


er me nv. 
n an 
Of the Theory of ue Sun aal the veer obaiy Mets. 


HAT the Motion of the Primary Pla lent kno San were 
'F Elliptical, was firſt diſcovered by N of 

deduced from the acurate Obervetis,of 
5055 And therefor in ſuch, an Elliptical he Noble 1 
ſeibed all ſuch Porn, Lines, Arr her, Kc. as are requiſite * 


* 


known, and to inn the Ency in the Trganometrical Cu lculati- 


Lt Planets Places, Bur before L proceed i fr, I muſt 
825 - 2 2 * $7404) Due Of 


kes o dhe n Eig. 1 100 8755 


— , 


ebe Hu efnition of this Figure, onl - that it is one of 
the Secti 4 


a Cone, and the many ways that it may be Arti- 
fcially deſcribed. I ſhall fay nothing,” referring the Reader to Mi- 


dotges, and others that have largely written of the 5 «ſa a. 


Che. But to Deferide ſuch a Bre Mechanicaly, 


N > 


L 


: About any Two Right: 7 Go for the Two Dees E 


the Zlhpjis, to deſcribe ſuch an E 2 


| Let the Line P Y be the Lower, and RM: the Shorty Diameter 
Gone, Tak 14 Let them croſs: one another at Right-aygles in B. This 
e 


half of the Longeſt Diameter BP or BL, in your 


| and ſetting one foot in Ror M, the other will reach 
_ the Longeſt Diameter to the Point: Z and 8, which will be 


the Centres upon which the Elipfis PRY M muſt be deſcribed. 


Wherefore, 
5 Ede 2 and. S, Fix two Pics. Nails or the like ; 
and about them put a String ſo long, gv that being doubled it 

at 8, to the end of the Diameter at P; 
from the Hu at Z to the end Y ; ſo then the whole — the 
String, will be twice as long as the Diſtance 8 P or ZL Y; 1 
String at that length, joyn at both ends: Then, 


String over the two-Bins, at Z and 8; with a This — 


may be a Black-Lead Pencil, or ſuch like ) move the String about 


upon the two Fixed Pins Z and S; and it will by its Motion de- 


W ſuch as is the Figure PCRE hy © 


— 


H A P. 


2 
by 
* 
4 


; * eee, 
| "hor? AP. m 
| cen te nn Ei 


X his Þ cel Fare the Line P Y 5 called the I 
7232 And R M, the 150 Ret r Shorter 122 


. Mis the Lover, and, er Focus 7 the 8 | 
wW Points the * Was . 
1 Dn, ical Fignreit ſelf C MDP N 


Abe h 0 or any other o the eg Plow e Mace 
of the Sn; *(he,chinment Node! and e of the Orbs, 
to which the true Motions of the Finuts are referred.) bag in the owe? 

2 Focus of the e 2 Planet moving in the Ellipfs ; 

=, -when it ſhall be in P, it is in ApheBon, or at its Greateſt Diſtance 

| from the the Sun When in Y Poribebion, or at its Mg, Diflaue 

4 | —_— 25 Foc ts the mean 

| Motion of the Planet he Veen is-the comme Centre of the 
er BZor BY, the cory Aud S Z%he double Ex. 
centricity. 

= The Figure thus deſcribed, Wen thing to be knoyyn is, after 

2 | . WE manner the true Place of a Planet may be determined 

| = | 

Fell The mean” dense) of i Pin, is its equal Dj from 
1 the 4phetor Point of that Plant : And this ths Fwy iy ob 

= accounted from P, to P again. . 

he that a Planet Core” Elliptical Ach PRT M., rn, 

| 2 Toei Z, ds as long the leſſer Arch GP D, as She's 

Wi cho water CF Ml; the on is) for that (the mean Moti: 

3 v8 un 2 ) the Planet deſcribeth equal Angles in equal 
3 — * c Ela. a e 

it unequal u 

2 — gun is ſeated. dn 
Por inſtance: 9 e the Planet to be in C, whichis 90 deg. 
| from the 4pbebon PN, then will the Avgle of its — 5 Ano- 
muh be P Z C; Fra Dan wilt be the g P 
BC: Rates A ers. vor * to be 


" . ” , 1 
1 E N r 8 1 I N — . 


1 n 


1 FA. 4 14 
* | " — X x 
* 50% RSA e 


> * 


* oP * That & * 
85 17 5 bits 8 a 555 * wy nM = Ws 0 357 1 


* 
* 
„ 


3 4 "EH AP. PY 11 
e Phet may 10 . Fx. 


1 9 4 47 bb 4 0 
e 1 i 16, . & 
Et S be the Sun, Ichs Gente of ee Kean Aeg 
£5 the Points H, A, T, ſeveral Places of the Het in at: Orb, 
— the Aphelion point P, then will the ſeveral Angles PNHNœ. 
* PX T, repreſent the Adna aß the:Plarkt : : And the 
and. PS M; . 1 
Array be nd as follaweth: - KK OV 
ppdethe Mean Aa of the Earth being at iI. o be 30 
CEL bythe Angle F X'H{ whoſel lement B 


th T 


5 2 — 5 Ex- 
true Planet - a 
Calculation. For, * 


Fiſt In the Triangle HXB, theres Gren, 55 The Ange 
HX B. 150.00 d. the Con of the Planets: Ale 
to 180 Ne The Side B H; the-Comnon K ee 1990994 * 


The Side B X, 168 al-to half Exc 
wha Nun, Fe Ago BH x, By CASE 9; 2 T 
(1) As the Common Rudin, B H, Joes Pitts... oY 
9) 1685 P. 0 AR 3.226599 


Ss f HXB, the Co of th 

80 is the Sine o e Complement 

Aromaly H Z P, 30 d.to 180 deg. - 228955 

| „ n+ 44 

| Toke Sineof u n N 0493 des. . YN 
Aud therefore the Angle XB H is CESS ae 
et, 59. 036 eg: is the Kuma of Far: 

@) Kok Radius, Sine 90 25 2 5-41 ID 
Is to the Sine of the Greatef Var boldly. DOE TI 


BLUE 6.594172 


Se Pay ia inen 59934 2 9.332210 | 
To the Sine of o. 019 ah, 71 * wo 
; 1 Which i th Jarition ron. | 


Now, . 


kes with the gun z. 7 , the Planets ng En | 


- 


* % = * . = w \ 
- ' ts. 4 
\ * 


eas 


| Now, FRO; as the Planets are moved in Ellipſes, and not 


in perfect Circles, the therefore, to be enquired is, the 
Planets Place u de bp oe pus, purpoſe, > about 2. let 


7 deſcribed a litt KO N, po p which, to 
e mber the rome if he E ack 45 5 * 
DOD and, "qnd then will the Angle 
Aromaly and ſo is N the e of he Ned n the Big d 
Gor — mots the Aquotione of the Epicicle; or (which is the 
#4 23 — 
2 the R may be found unn 
Thid! „ in the Triangle B Z N, you 
8 common Radium 10000 Fe. bing gray cr) 22 
00008 P, n cicle. (3) The Angle BZN 
- - 220.98: Deg; you may find, the Angles BN Z and 
ZBN, (by. ESO. ART) Thus, 
| The Angle N Z B being 120,98 deg. che.Complement tyz80 
— Leg is 59.02 deg. the halt whereof is 1 deg The Side BZ 
Is 100000 P. the Side Z N 00008 P, their Sum E their 
a (3) ex. 100008 _$:000635 
Js to their Difference & of hall EB 1 - 4:999965 
| Sois the Tang. of half BN and zun 29-595 d. 9.772818 


| 717777787 

Io the 1 Tang, of the hal Diffrence 3: go2d. 9.772748 
This half Difference, added to the baff Sum, 59.007 deg. 
for the 4g Z NB: eee eaves 0.003 deg. 


; for the Al N 2 
? | Then v far, 5 7 tes 

Asthe Sin of BN Z, 59.007 2222222 
ne 3 
So is the Sine of ZN, 5962 8. eee 1 
N age L 15.933143 
To the Side BN 100004 _ 5117” ot i OST? 

From the An e Ages: Er 

e e a „ 

ere remains 29.4 e to 280 

abu ge 5 


SR = EY 150.503 deg. 
| raub 


* * 
2 


Of. Le Afronmy. Mk A. 
Fond In the Triangle B SN . (1) BN A. 2 


* n 
- 
1 
oy " 


190954 (2)B4 B-S 1685. () 5.) The ang by * SBN Lu 
150.50 
| As the Sum of BN and B'S, 101689. =. 2 | 
Is to their Difference 98319 4992637 
80 is che Tangent of BSN and BNS 14 2102 


1441366 
To the Tangent of 14.30 d. the half difference. 9.406388 
Which added and ſubſtracted from the half Sun, gives 
ie for BS N the gle at the Sm. 
. AquationB NS. 
P XH 930.00 deg. 
Er 29.07 


There remains the Profapheriſs. 0.93. 


Again, -+ of 
As the dine of B S N, 29.04 de. 9.686117 
As to B N, 100004. 5.000021 
So in the Sine of N S N. 150.50 deg. (or 28.0 9.692338 2 
Ive! 14592379 . - 
To SN, 101564. 5. 0062922 
Note that when a Dont is e e, e „A, or Y, 
there is no Variation, but being of theſe Points; it hath 
* more or 35 is at —— El quation is 
2 from any of thoſe Points. And note — 
K. — the Places ot all the Pans (Fore ad 
the Moor excepted ) in the Firt and Third the Orbit 
r e it dimini ſhes the Planets place; ac- 
7 EN the Angle of Variation. And as this 
xamp 


ht, the Earth or other Plat being ſuppoſed 
inghe Fir mover of the EEK ; the find i» > be endetinod 
and performe \ if the la were in the cond, Third or Tuch 


Daſs ie, 3 


| * 
| a 6 97 the . Inequality of * Prigur Planets: 
HE Sit to be moved under the Plain of the Belp 


tick; But it is the Earth that performeth this Motion about 


3 | [-.. Sum, "Of 18-6 1n the he Focie of the Earth Elli 25; .S0 that, 
4 | { as the Hank . r 3 the Ec bptick; ( Orb „ rich the” Sun | 
| Appears to mos be n part there Aud from hence 
e l tha ahie Sov (or Earth} gan be ſubject to no - | 


| other Henna en what 1 is produced: by their own Simple 0 
| tion in the FB, :. And this.is true 9b, 18 0 the Pine Planets: 
a ' as inreſpe& tothe Sr; Who is Teen from then, to change his 
_— Place, according to the quantity df their "Motions, * - 
Now Foras much as. — Eutb is far 45 ſtant from the eee | 
Geer their Orbs. (which is. the hm) therefore it is, that (by 
their different Motions, and various poſiti itions of the Orbe) they 
dem to us to be ſubject to a ſecond Nequalſty ; wich is not _ 
pc * their Motions, but accidental only; bh cauſed throu 
. 2 | Heut diſtance of the Point to which their Places are referred: 
'F 6 | $a ede e ani to us to have a different ſpecies of Mation 
= the Nalural Motion in their we Orbac they appearing 
3 A2 ̃8t one time Direct, at other times ade, and ſometi mes not 
_ - ae all e appear dee, To be nearer to the Harth 
8 at- one . than at another; and 1 pearing ta the Eye of a: 
RR” 2 Greater Sod Ly er Magnituds : The of all which-various Paſo 
be mow . pear from the Calculatiom of Wa aher, 


on N nm 


, % 
* * - 4 N 4 
1 1 3 4 * 1 oth 1 _— ——_— » 
* F ˙ ͤ—ͤůÜĩ⁵ p -ůumü Hh M.A r 9 Y | 9 - 
8 — r er = * 
5 


148% 0 SIT YT wn 6@ 50301 319% rt af 1, 2511 


= - H. A P. 5 W 725 off Fly F 
=. „ Caleulite the true Place of: 4. Planet Desen h. 


8 Etaining the ſame Method deliver'd in the laſt Cha er, L 
—_ . * JThall give an Example in the finding out ofthe p ce of 
the Planet n, The Sun being in 5.85 deg. of Scorpio, and 
the mean 2 as Mars 6 point 55. 47 - 


2 ” 


1 Conetth eulhou co a a wa - - p 
_ ” : n N __ 
+ . * . Ss = - 

F - hs , D. * s 


\ 


"Of Theotical Afironunmy. 33x 
The reft; as in the "of the Planet And from theſe things gi- Fx. 
ven, the ere place of the lanet Mars may be found. 4 LXXIL 


4 Table of - * Semidiameters of the Orbits hd Epietcles; the 
Excentricities; the Greate Variations aud Inclinations of 


Pla Planets, mm to'the Trigonometrical er 20 vY their 
Places. * 


Semid lam. of) kd Circle PAY, 1952 
-Semidiam. of Epicicle T W. 
Eucentricity B X==B 8. 


| 0.054 0-254} 0.02 d £45” GI 


— etna th 1.85 2.00 d8-3h6 


xy} — * — 


The Trigonometrical Calculation. IO 1 . 


N /is halfthe Orbit of Aus, Ex. 
1 his b point, H his place in his Orbit, B the Centre, B X L XIII 
he Eck N H B the Semidiameter of che Orbit. 2 $..4 


"x; Then, In tie Wige XH B, there is given, (1) The Side 


H B, the Semidiameter of the Orhit, 15204. (2) The Side XB, 
the Excentricity 1411. £3 The Angle H*X B. the Comple- 
went of che mean Ano Ha 55.47 to 180 deg. 1. 


124.53 d 
43 by which you ma find Ss lagle BH, and XB H. 
29 5 CASE II. of O. A. P. T. | 
Hate Sum of the Sides H B and X B 16615. 422057003 
Is to their Difference 2 44395587 
Sols the Tang, of halt X H E64 1 92207213 
; 13.8603800 
To the Tangent of 23. bt. 9. $2797 
Which ſubſtracted from 27:73 (the half Sum) leaves 4.15 


dee. for the Angle at H - And added to 27.73 d. | 
"0D $1.31 deg; — the Angle X B H. And that Aled, 


makes 102,52 d. Which is the . of Varia- 
nion. , £59" 


K k k 2 ä wt 5 


344 DEE ebe naler, 
3 "RO 


RS Which found fay,. Abs 5 
To the Sine of the greateſt Variation of Mar; 0. F a 7. ies 
So is the Sine of Variat. laſt found 102.62 (77. 38). 129-989379- - 
- To the Sine of HBZ, 0.244 deg, the Variat. s 
To the Angle XB H . $4.32 
: Add the Angle HBZ 0.24.4 t Variation. 
Ĩkhe Sum is XB ZE 51-564 deg... 


The double whereof 1 * | 103. 128 And is the Motive 
N bene BN — 
5 Deſcribe the Epicicle, and apon;it ſt the Motion-of the Epici- 

d 103-128 deg. from a tg N, ſb will the Angle a ON be equal 
to the corrected A BZ ſo. that Nis the Place of the 
Planet Mars in the Elipfis - the Angle ZB N the Equation 
of the Epiciclè; which is the difference een the place of 2 

Planet in the (Circle, and in hi Ellipfs ; which may be thus 

found. For; s | 
In the Triangle B 2 N there is given,” a The Side Z B, the 
Semidiameter of the Circle 3 5 2 2 Side Z N, the Se- 
midiameter of the 3 The Angle B Z N, the 
Soma of the Motion ace EpicicleN Za ( 103.640 * 

77.36 de. 

Ex And. Rs We rw found, the Angle IH Gs 


As the Sumof the Se Z h and ZN, Toooos | F 3 


Is to their Difference 9a 992 49999 
n of half 28 BandZ BN, 5132s. 10.09659 
| 9 2888 
Toche the Tangent of 51. Ir 4 10.296 
| ded” to os i 182052 Py br h. Fe 
"ZNB, and ſub efrom, pa tag __ * 
the Angle NBA 
Then forthe ANB. F on 
the Sine of ZN B 102.63 de. ( 75 9.989362 
Isto the Sine of N Z B 77:36 deg. 898934 
Sa is the Side Z B, 100800 „ — 2 
2 N r 
To desde B N, 999969 "FFP 4999983" | 


From 


ab} 
" St} 15 . _ 


">" 3 


377 
From the lePBZ 51.32 deg. Fg. 
Subſtract N B Z. 5 5 0.244 . LXXIIF- 
There remains the Angle X BN. -51.076 R. Com- 
plement to 180 degs is Pp 128.924 for the An- 
le NBS. |. - 4 ns 
And then, 
In the Triangle BNS, there is Given, < 1) The Side BN 
29996: (2) The Side BS. 1411, And (3) The included Angle 
BS 128.92 deg. From whence may be foundtheAngle at the Kt 
Sun BSN; and the es | ( | 1 
As the Sum of tlie Sides N B and SB, 107407: | x. FEA i 
I to the Difference of thoſe Sides 98585. 4993811 -,"* 
So Tang. of half the Angles BSN and BNS, 25. 54% 1. 9.679276 -. _— 
14.673087 1 
To the Tangent of 2 4-92: deg. . "9.667005, 4 
4 t. gives, S 113 iy or th Ang BSN;, „ 
and ſubſtracted, leaves 0.62 de. for the Angle BNS | | 
Ikhen, For the side NS, r | 
As the gin d 8 NB, 0.62 deg _$:034260 
Is to the Side BS; 1411. 3349219 
So 18 Sine N BS 128. 92 de. $1.08) e l | 
1 13-9403 34 
* the Side SN 101405. 3 | $:006974. 
Which is the Diſtance of 6 fr RPE; 7 5 f0tb> <p 
Place of the Aphelion. = ne = 
| The Angle at the Sun. e dT 9 


Heliocentrick Place of Ken: 201.47 | 
The North Node Sub. 47-55 ; 
The Argument of Latitude, © 15388 


Ain ſomething from the Longitu 


— IT 


AM the Place of Mars in his Orbit ; * 


3 md * 9 


— + 8 CHAP. vn vn. * 2 
* find the Place of a Planet in th Bethe, Se. 


ethuta Planets Place in Lon itude in the Ecliptick, differeth 
in its own Orb, 1 ſhall there- 
fore ſhew'(by Trigonometty,) How to find the Redultion, and 
the Edliptick Place, with the Curtation and "Parallax of the Orb, 
and conſequently, the Geocentrick Place =4 IS. | 
In order whereunto, in the Scheme epreſent the Sum, 

. ri Ko IN Ache Ecliptick ,, 

E the Earth: A the North Node of Mart; B the South Node; (che 
two Interſections of the Playets- Orb with the Eeliptick; ADB, a 
. Semicircleof the Ecliptick : D R, the limit of the Planets Greateſt 


North Latitnde. Theſe hinge deri 1 el to 


ke Tagesgeld Cilctlaion. 
. In the Spherical BHV. nenden. there 
> Gran, (1 3 The Side B 26.65 de. ( Cory went of the 
i itude. )—— (2) The Angle HB 15 the Greateft 
: of Mars, -1.85 450 y which you may find the Side 
{By CASE1. of R A T. This 


ho- 


Raids, go:de. E 
Tse Some HB V, 88 121755 N 5 
So is the Tangent of BH. . 2280777 
Io the Tangent of B * 26.64 de. 9. 700350 


5 be found (by CASE UL of K . $. f. Thus | 


, 


"The Difcroce between BH and B Vy4is 0.91 * awe fb 
ſttracted from 201.43 d. the place of E e the Arch 
BV is leſſer then the An,. | 


- Helfocen. Place of Alan, ni lip ge 3 


Reduction | 
| Ucliocen: Place Corrected 9 Es | 
as 2 Place of the Sun 7 215.87 
| Difference OS 7 


Wich is the Anomaly of Commutation. | 
2. In the fame Trian Ie. there is given as before, r che 


He of the Orbit from the Plain of the E tel H 75 may 
A 


3 "* of Theo + fro 4 
As Radihs... 2000 de. eriga one 
Is to the Sine of BH, 26.65 de. 772 1 
So ig the Sine of B HV. 1.85 de. K 5 
Tothe Sine of HV, 0.83 de. RR Rr | 


Unto which the Angle HSV is equal. 
2. For the Curtated Diſtance SV, ; f . the Ri ee plan 
I 


F- Tridngl HSV Pits 1s eien The Angle V. S H, 6.83. — 
(2) The Side SH 1 15208; the diſtance of Mar ir his 0 10 60 | 
the Sw : By whie h your may find the Side S V. Oy CARE? I. 
of R. A. 8. T.) | 
As Radius, Sine 90. oo de HV'S, Bs. "1" 8 2p ets 
Is tothe Side HS, 15 204. E 
Sa is the. Sine of V H 8, 89.17 1 9838894 
To the Side 8 V, 15202. Wh .- 44 


The. Ecliptic 
Gy tation thus atta ned: The next thing to be enquired after is, 2 the 
. Parallax of the:Earths Orb, and his < Feocentric Place, uf 
tude and Latitude. Rü 00 
4. In order whereunto, in Figure LXXIN. the Circle OXEZ. Fig 2 
t repreſenting the Farths Orbit Number the quantity of the Aroma- LOKI. 
$4 Commtation 14.43 de. from X (the + oppo ite Place of Mars 

the Sun) to E, drawing the Line E which will cofiſfi- 
tute-an Oblique-angled Plain Triangle SVE: in which there is 
Given, (1) Tad Side SV 15202. (2) The Side SE, roc, 5 
The included Angle VS E 15 37g e. (the Compl ement of the 
Avigle of Commitatzon to 180 d which — (1 ” | 


the Angles TV fan V ES. ne T2) che d 
4451435 
3515 5170 


As the gum of VS ind 5 E 252027 by 

28 bo their Difference. z Face s 

F Lavg-fh te Ana mtEgnt, $2, 9.159743 
12.875913 


=, Ty 
To. che Tan gent of 1.71 de their F iy $.474478- : 
Which a added to the alf mof the Angles * and E (8.22 


d.) gives 9.03 de. for the Angle V E 885 And ſubſtracted 


wil] 4] 40 


therefrom, leaves 6.51 de, fer the Angle N. E.; „Which 1 is 3 4 


the Parallax of the Orb... zi CL A + Vis 2 


607 


e of the Planet Me with his Henarion a and 4 


- y *, 
2 1 os 
s £ 2 


4. N _ 


* * 


N. Then for the Side VE, _ Ws 
In. As the Sine of VES 9.93 de. . 9.2 


290850 - 


; Is tothe Sine of VSE 163.56 (1644) 4.18790 
| So 18 the Side V 8, 15202 _ 2471803 
2 173577755 
To fr 24959 Ae s 
_ Ea 10 the Heliocentric place of 1 . 201.43 4 * 12 
1 Aa dhe Parallax of the Orb SVE > 651 | 
_—__ The Sum is 2357.94 
= Which is the Ceocentric Ws 
IJ That is 68. 27 deg: Or 27 deg, of . 
* | | * 
_ — 45 — 9 
I 57 | 7 | + CHAP vin. 
A | e Portis of te emlimee ofthe a, Earth, 
7 Oy eee * | 
; Of hi, Bak, 6. 
J the beſt Teleſc ervations. 5 
18 To the a ce of the Earth from the Sm 10.00000 
8 5 The Semidameter che Sun 18 of choſe Parts 46300 
* The Semidiameter of the Earth > 3 
10 . e n a robo 
The Semidiameter of the Earth is 1650 
The Semidiameter of the Moon 446 
Area, at all times, the Diftance of the Lumma- 
ries being firſt found, hate? Semidiameters my 
be obtained: And for the Semidiameter of the Fart 
Shadow, . 
2 3 N 
=. DA RIF at Ende In which I | 
X [A eg dg ces of the g. . 
LU. 4 D his Semidiameter. - . : (i 


* BtheCanre of the EEB. 


7 


= k . a 
— 0 1 9 — — e * * 


he 0% Theoricol ' Afronony, 9459 "Y 
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CG F equalto HE 55 the K of the Cone of the Earths 
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r BFE her Horizontal Parallax. 
CBP the apparent Seni diameter of the Baths S. BY 


From hence, een rs. 
is i. The Semidiametar of thedii, the Horizontal Paroles being £ 
ſubſtracted, is equal to the Semi-angle; of the Cone of the | 
 Earths Shadow. 
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apparent Semidiameter of the Shadow. 
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-GEOMETRICAL.. 


* Plain and Eaſic Way to project Theories of 
the Planets (in Plano:) And by them to 


their true Places, both in * and LF 
titude, at any rime. 8 


And their Diſtances from the Sun 07 en q 
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OR, the ain 1 —_ have a Scale 
+. Chords, perf Scale of Loo equal £3 Hikes to. the ſame r. 


Or, rather, a Sector, withſuch Scales upon it.) Kae l 


I. How to deſcribe and divide the Eclpticl. 


With 60 deg. of youn Scale of Chords, deſcribe a Circle; nch 
divide into 12 equal Parts, for the 12 Sun, noting them with, 


their reſpective-Chara@ers, J, S, U, Cc, This Circle thus der; 


ſcribed and charactered, "repreſents the Ecligtiuł Circle: in the 


Heavens; whoſe Centre is ©, the fixed place of the Sun. 

which; Fr. 
LXXVI. 
Point, it is at its greateſt diſtance from the Su Now, the < 


In this Ecliptick Circle, ever of the Planets hath a Point; 
is called the 9 of that Planet : For when the Plaret is in that 


belial Points of each Planet, are theſe which are exhibited i in this | 


te Table. . 
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RS.) 035 de. * draw a Right line to the Centre O, as the 
oe MN and that ſhall be the Apbelial Line of 


Mak. 


For the Aphelial Eine of the Barth: The EARTH S Abe 
Bal Point being, beige 7.00 deg. of V Capricorn, ny that Point draw: 
Centre, as the Line FORD e 

be the Earth's E in the Theories all th 


of thi rPla- 
en DT, the pr little 


17 the Centre © be 100050 
| oy . Ms Excentric Point ſhall be 1 


m the Aphelial Fvint 915 
Whitefore, take the length of the 4pbelial Line 4p. 9 0 in — 


_ Compaſſes, and open wy: l in 10, and 10 of the equal Parts. | 


Then, if from: the Site you take 915, (the Excentric of Mars) 


it will reach from the Aphelial Point Ap. C, the belial 
Tie of Mars, to X, ll X be the Bute of MA 2 
* which Point (at the diſtance of 4h. d N) if AL; 


Ap. 6, , &, that Circle thall be the O of the 
Bar rt in which it moveth: © | 
or the Apbelial: and Excentric Points of the EARTH in 
the Theories of the three Superiour Planets, they will be ap the- 


0 Foy Numbers et in this little T. For, - inf 
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belial-Point of this \- / Excentric of the & from 
fromthe Centre, C 186 >the 4phelion of the ©, * 155 


1 33 (hall be in the Theo- 


611 ry of a | E 600 


Wherefore, Out of w Sector, (it being ſtill opened to the 
former diſtance) take the diſtance of the Aphetial Point of the 
Earth (for MARS 611) and ſet it (upon the Earths 4pbelial 
Line) from the Centre © to . O, ſo ſhall the point S be the 
Aphelial Point of the Earth And the diſtance of the Excentric 
of the Earth, from the Abella Pomt of the Earth: 800, 
take 600 out ef the Sector, and ſet it from the Earth Aphelial 
Point Ap. & downwards towards the Centre O, and that 90 
the Centre whereon to deſcribe the Orbit of the Earth 'on 
Theory of Ma Which Point falling ſo near the Centre ©, 
you ma deſctibe_the Earths Orbit upon the Centre © it ſelf; 
the erencebeing only: Parts: And in the Theories of the 
other two Superior Planets, the difference wil be much Tels ; for 
in the Theory of Saturn it will be : Parts: And inthe 
of Jupiter, but v Parts: So that in final * they need. 
not be much r xded. N. er 
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* Planets Excentric; with the Plain of the 2 5 and —— 
bs. this Line croſſeth the Orbit of Mars, there yx Dragons Head; 
at which Point, When an Planet is in ts hk, it goes into 
North Latitude And at the oppoſite Point, through the Centre, 
is the place .. Ute Dragons Tail where it * into South L. 

titude. | 
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WM The Abel 2 5 and Gu ce eib, 3 yon 1 the 
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dae done is, © ſhow how to place the Earth. dany Planet in their n 
RE reſpective Orbits, fox any T: ine propoſed * nd alſo, How to Re- 
1 duce their Places ſo found in their Orbits at that time, ul 
ſpective Places in the Ecliptick Circle. 8 | 


aq | | In orterqrhereunty/it will be neceſſapy to ſhew, Jo a 
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EI Calling the equal au from thaſs K l. | 


BLES/is this: = 
Hl, Exſcribe the Epocha which belongs 0 at wikis which 


moſt nearly precedeth the Lear wherein you ſeek the Placs of a. 


y Planet, 

* Seay, Under thut Epocha 0 or er) write the Motions 
to ſo many Ears, — Days, as are compleatly 
pn nu ſince the Tear of the E cha ; all which Numbers muſt be 
taken out of their proper Tab „and ſet orderly one under ano- 
ther ; which the disjunction of the Numbers will give Direction 

8 _ how to do. 
Thirdly, All theſe Numbers maſt be Wed ie Ow; and 
"their Swn ſhall give the Anomaly for the Time propoſed . And 


if the Sum rife to be above'a whole (Circle, or 3.60 Degrees 
you r 360 a or de K 


che remaming Number maſt be taken 


ma 
* Theſe things are to be dove bath Big 


he Foe erally ; as 18 done in the Example follow ing. 
92 — | — — 


12 7 (! l eta, 
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Hew to (aeg ihe Aude a 
0 of for 


the 16th Day of May, 47 Noon, N 
1712, bing Bill, er 


F 26 
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2 ft Out of the Table of Tears, gxſeribe the Zpogba for yo: 
And under it 4 Tears and) Nas {which together make 11 T4 
=. Tears >) Under chem es > April Compleat f 57 
nz - 107 20s 2 T de aer that exeive D 

. 88 t Or Gm n 
. I Repairing to — FRG yon {hall find the Hrowmaly 
ol the Hunt hum lelw ſtands againſt oo, to be 194-26 de: and the 
Anomaly of hitec be 8288 2 both which ſet in their proper 
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proper-Tables,theidiomalits belonging to- 4 Tears and 7 Tears, 
30d; ite them in. heir — 3 their 1 
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